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A Corporate Dedication to 
Quaiity and Reiiabiiity 

National Semiconductor is an industry leader in the 
manufacture of high quality, high reliability integrated 
circuits. We have been the leading proponent of driv- 
ing down 1C defects and extending product lifetimes. 
From raw material through product design, manufac- 
turing and shipping, our quality and reliability is second 
to none. 

We are proud of our success ... it sets a standard for 
others to achieve. Yet, our quest for perfection is on- 
going so that you, our customer, can continue to rely 
on National Semiconductor Corporation to produce 
high quality products for your design systems. 



Charles E. Sporck 

President, Chief Executive Officer 

National Semiconductor Corporation 



Wir fuhlen uns zu Qualitat und 
Zuverlassigkeit verpflichtet 


Un Impegno Societario di Quanta e 
Affidabilita 


National Semiconductor Corporation 1st fuhrend bei der Her- 
steiiung von integrierten Schaltungen hoher Qualitat und 
hoher Zuverlassigkeit. National Semiconductor war schon 
immer Vorreiter, wenn es gait, die Zahl von 1C Ausfallen 2 u 
verringern und die Lebensdauern von Produkten zu verbes- 
sern. Vom Rohmaterial iiber Entwurf und Herstellung bis zur 
Auslieferung, die Qualitat und die Zuverlassigkeit der Pro- 
dukte von National Semiconductor sind unubertroffen. 

Wir Sind stolz auf unseren Erfolg, der Standards setzt, die 
fur andere erstrebenswert sind. Auch ihre An$priiche steig- 
en standig. Sie als unser Kunde konnen sich auch weiterhin 
auf National Semiconductor verlassen. 


La Quality et La Fiabilite: 

Une Vocation Commune Chez National 
Semiconductor Corporation 

National Semiconductor Corporation est un des leaders in- 
dustriels qui fabrique des circuits intSgrds d’une trSs grande 
quality et d’une fiabilitd exceptionelle. National a St6 le pre- 
mier d vouioir faire chuter le nombre de circuits intSgrSs 
ddfectueux et a augmenter la durde de vie des produits. 
Depuis les matidres premieres, en passant par la concep- 
tion du prodiiit sa fabrication et son expedition, partout la 
qualite et la fiabilite chez Nationai sont sans equivalents. 
Nous sommes tiers de notre succSs et le standard ainsi 
defini devrait devenir I’objectif e atteindre par les autres so- 
cietes. Et nous continuons e vouioir faire progresser notre 
recherche de la perfection: il en resulte que vous, qui dtes 
notre client, pouvez toujours faire confiance e Nationai 
Semiconductor Corporation, en produis^nt des systemes 
d’une tres grande qualite standard. 



Charles E. Sporck 

President, Chief Executive Officer 

National Semiconductor Corporation 


National Semiconductor Corporation § un’industria al ver- 
tice neiia costruzione di circuiti integrati di ait^ qualita ed 
affidabilita. National § stata il principale promotore per I’ab- 
battimento della difettositS dei circuiti integrati e per I’aliun- 
gamento della vita dei prodotti. Dal materials grezzo attra- 
verso tutte le fasi di progettazione, costruzione e spedi- 
zione, la quality e affidabilita Nationai non e seconda a nes- 
suno. 

Noi siamo orgogliosi del nostro successo che fissa per gli 
altri un traguardo da ragglungere. II nostro desiderio di per- 
fezione § d’altra parte illimitato e pertanto tu, nostro clients, 
puoi continuare ad affidarti a National Semiconductor Cor- 
poration per la produzione dei tuoi sistemi con elevati livelli 
di quality. 
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Introduction 


Since its creation in 1973, National Semiconductor’s Inter- 
face design and production teams have produced technically 
advanced products unparalleled in the semiconductor indus- 
try. 

Growing from a line of eary drivers and receivers, which pio- 
neered the introduction of the TRI-STATE® function. Nation- 
al Semiconductor’s Interface product line today is the most 
comprehensive available — with over 200 devices in a variety 
of product categories. 

Based on its advanced design and process capabilities. Na- 
tional’s Interface product line includes: 

• The industry’s most advanced RS-232 drivers and receiv- 
ers 

• The industry’s most advanced RS-422 drivers, receivers 
and transceivers 

•The industry’s most advanced RS-485 drivers, receivers 
and transceivers 

• The industry’s only offering of over 16 devices incorporat- 
ing power up/down glitch-free protection 

• The industry’s first TrapezoidalTM bus transceiver 

• The industry’s first transceivers for the Future Bus standard 

• The industry’s first fault protected peripheral driver incorpo- 
rating a major breakthrough in current sensing and shut- 
down circuitry. 

In addition to the detailed Interface product datasheets in- 
cluded in this databook, complete product selection guides 
can be found at the beginning of each section for quick refer- 
ence. 

The Interface Appendix supplies helpful application notes, 
terms and definitions, cross references, design and process 
information and package information. 

These Interface devices support and complement National’s 
VLSI Advanced Peripheral product families. These Advanced 
Peripherals Processing Solutions are families of VLSI periph- 
eral circuits designed to serve a variety of applications. The 
products are especially well suited for microcomputer and 
microprocessor based systems such as graphic worksta- 
tions, personal computers, and many others. National Semi- 
conductor’s Advanced Peripheral devices are fully described 
in a series of databooks and handbooks. 

Among the books are the following titles: 

GRAPHICS 
MASS STORAGE 
DRAM MANAGEMENT 
DATACOMMUNICATIONS/LAN/UARTS 

All the Advanced Peripheral products currently provided by 
National Semiconductor and their appropriate Advanced Pe- 
ripheral Databook title are listed in a section following the 
Table of Contents of this databook. 

For more information on National Semiconductor’s INTER- 
FACE and Advanced Peripheral products contact your local 
National authorized sales representative or distributor. 
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National 

Semiconductor 


Product Status Definitions 


Definition of Terms 


Data Sheet Identification 

Product Status 

Definition 

Advance information 

Formative or 
In Design 

This data sheet contains the design specifications for product 
development. Specifications may change in any manner without notice. 


First 

Production 

This data sheet contains preliminary data, and supplementary data will 
be published at a later date. National Semiconductor Corporation 
reserves the right to make changes at any time without notice in order 
to improve design and suppiy the best possible product. 

No 

IdontHleatNm 

Noted 

Full 

Production 

This data sheet contains final specifications. Nationai Semiconductor 
Corporation reserves the right to make changes at any time without 
notice in order to improve design and supply the best possible product. 


National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. National does not assume any liability arising out of the appiication or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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AN-512 DS8911 AM/FM/TV Sound Up-Conversion Frequency Synthesizer 8-56 

AN-514 Timing Analysis of Synchronous and Asynchronous Buses 2-81 

DP7304B 8-Bit TRI-STATE Bidirectional Transceiver (Non-Inverting) 2-11 

DP7308 8-Bit TRI-STATE Bidirectional Transceiver (Non-Inverting) 2-20 

DP7310 Octal Latched Peripheral Driver 3-5 

DP731 1 Octal Latched Peripheral Driver 3-5 

DP8212 8-Bit Input/Output Port 6-5 

DP8212M 8-Bit Input/Output Port 6-5 

DP8216 4-Bit Bidirectional Bus Transceiver 6-13 

DP8216M 4-Bit Bidirectional Bus Transceiver 6-13 

DP8224 Clock Generator and Driver 6-18 

DP8226 4-Bit Bidirectional Bus Transceiver 6-13 

DP8226M 4-Bit Bidirectional Bus Transceiver 6-13 

DP8228 System Controller and Bus Driver 6-24 

DP8228M System Controller and Bus Driver 6-24 

DP8238 System Controller and Bus Driver 6-24 

DP8238M System Controller and Bus Driver 6-24 

DP8303A 8-Bit TRI-STATE Bidirectional Transceiver (Inverting) 2-6 

DP8304B 8-Bit TRI-STATE Bidirectional Transceiver (Non-Inverting) 2-11 

DP8307A 8-Bit TRI-STATE Bidirectional Transceiver (Inverting) 2-16 

DP8308 8-Bit TRI-STATE Bidirectional Transceiver (Non-Inverting) 2-20 

DP8310 Octal Latched Peripheral Driver 3-5 

DP831 1 Octal Latched Peripheral Driver 3-5 

DP8480A 10k ECL-to-TTL Level Translator with Latch 7-5 

DP8481 TTL-to-lOk ECL Level Translator with Latch 7-8 

DP8482A 1 00k ECL to TTL Level Translator with Latch 7-11 

DP8483 TTL-to-IOOk ECL Level Translator with Latch 7-14 

DP84240 Octal TRI-STATE MOS Driver 5-5 




Alpha-Numeric Index (Continued) 


DP84244 Octal TRI-STATE MOS Driver 5-5 

DS8T26A 4-Bit Bidirectional Bus Transceiver 2-117 

DS8T26AM 4-Bit Bidirectional Bus Transceiver 2-117 

DS8T28 4-Bit Bidirectional Bus Transceiver 2-117 

DS8T28M 4-Bit Bidirectional Bus Transceiver 2-117 

DS14C88 Quad CMOS Line Driver/Receiver 1-17 

DS14C89A Quad CMOS Line Driver/Receiver 1-17 

DS16F95 RS-485/RS-422 Differential Bus Transceiver 1-92 

DS0025C Two Phase MOS Clock Driver 5-10 

DS0026 5 MHz Two Phase MOS Clock Driver 5-14 

DS26C31C CMOS Quad TRI-STATE Differential Line Driver 1-27 

DS26C32C CMOS Quad Differential Line Receiver 1-37 

DS26F31C Quad High Speed Differential Line Driver 1-31 

DS26F31M Quad High Speed Differential Line Driver 1-31 

DS26F32C Quad Differential Line Receiver 1-40 

DS26F32M Quad Differential Line Receiver 1-40 

DS26LS31C Quad High Speed Differential Line Driver 1-34 

DS26LS31M Quad High Speed Differential Line Driver .1-34 

DS26LS32AC Quad Differential Line Receiver 1-44 

DS26LS32C Quad Differential Line Receiver 1-44 

DS26LS32M Quad Differential Line Receiver 1-44 

DS26LS33AC Quad Differential Line Receiver 1-44 

DS26LS33C Quad Differential Line Receiver 1-44 

DS26LS33M Quad Differential Line Receiver 1-44 

DS26S10CQuad Bus Transceiver 2-24 

DS26S10M Quad Bus Transceiver 2-24 

DS26S1 1C Quad Bus Transceiver 2-24 

DS26S1 1 M Quad Bus Transceiver 2-24 

DS34C86 Quad CMOS Differential Line Receiver 1-47 

DS34C87 CMOS Quad TRI-STATE Differential Line Driver 1-58 

DS34F86 RS-422/RS-423 Quad Line Receiver with TRI-STATE Outputs 1-50 

DS34F87 RS-422 Quad Line Driver with TRI-STATE Outputs 1-62 

DS35F86 RS-422/RS-423 Quad Line Receiver with TRI-STATE Outputs 1-50 

DS35F87 RS-422 Quad Line Driver with TRI-STATE Outputs 1-62 

DS36F95 RS-485/RS-422 Differential Bus Transceiver 1-92 

DS0056 5 MHz Two Phase MOS Clock Driver 5-14 

DS78C20 Dual CMOS Compatible Differential Line Receiver 1-172^ 

DS78C120 Dual CMOS Compatible Differential Line Receiver 1-187 

DS78L12 HexTTL-MOS Inverter/ Interface Gate 7-24 

DS78LS120 Dual Differential Line Receiver (Noise Filtering and Fail Safe) 1-195 

DS88C20 Dual CMOS Compatible Differential Line Receiver 1-172 

DS88C120 Dual CMOS Compatible Differential Line Receiver 1-187 

DS88L12 Hex TTL-MOS Inverter/ Interface Gate 7-24 

DS88LS120 Dual Differential Line Receiver (Noise Filtering and Fail Safe) 1-195 

DS96F172 RS-485/RS-422 Quad Differential Driver 1-240 

DS96F173 RS-485/RS-422 Quad Differential Receiver 1-250 

DS96F174 RS-485/RS-422 Quad Differential Driver 1-240 

DS96F175 RS-485/RS-422 Quad Differential Receiver 1-250 

DS96F177 RS-485/RS-422 Differential Bus Repeater 1-267 

DS96F178 RS-485/RS-422 Differential Bus Repeater 1-267 

DS1488 Quad Line Driver 1-13 




Alpha-Numeric Index (Continued) 


DS1489 Quad Line Receiver 1-23 

DS1489A Quad Line Receiver 1-23 

DS1 603 TRI-STATE Dual Receiver 1-69 

DS1628 Qctal TRI-STATE MQS Driver 5-25 

DS1630B Hex CMQS Compatible Buffer 7-17 

DS1631 CMOS Dual Peripheral Driver 3-12 

DS1632 CMOS Dual Peripheral Driver 3-12 

DS1633 CMOS Dual Peripheral Driver 3-12 

DS1634 CMOS Dual Peripheral Driver 3-12 

DS1 648 TRI-STATE TTL to MOS Multiplexer/Driver 5-34 

DS1 649 Hex TRI-STATE TTL to MOS Driver 5-39 

DS1650 Quad Differential Line Receiver 1-73 

DS1651 Quad High Speed MOS Sense Amplifier 5-43 

DS1 652 Quad Differential Line Receiver 1-73 

DS1 674 Quad TTL to MOS Clock Driver 5-49 

DS1678 TRI-STATE TTL to MOS Multiplexer/Driver 5-34 

DS1679 Hex TRI-STATE TTL to MOS Driver 5-39 

DS1 687 Negative Voltage Relay Driver 3-38 

DS1691 A RS-422/RS-423 Line Driver with TRI-STATE Outputs 1-81 

DS1692 TRI-STATE Differential Line Driver 1-87 

DS2001 High Current/Voltage Darlington Driver 3-65 

DS2002 High Current/Voltage Darlington Driver 3-65 

DS2003 High Current/Voltage Darlington Driver 3-65 

DS2004 High Current/Voltage Darlington Driver 3-65 

DS3245 Quad MOS Clock Driver 5-22 

DS3486Quad RS-422/RS-423 Line Receiver 1-54 

DS3487 Quad TRI-STATE Line Driver 1-66 

DS3587 Quad TRI-STATE Line Driver 1-66 

DS3603 TRI-STATE Dual Receiver 1-69 

DS3628 Octal TRI-STATE MOS Driver 5-25 

DS3630B Hex CMOS Compatible Buffer 7-17 

DS3631 CMOS Dual Peripheral Driver 3-12 

DS3632 CMOS Dual Peripheral Driver. 3-12 

DS3633 CMOS Dual Peripheral Driver 3-12 

DS3634 CMOS Dual Peripheral Driver 3-12 

DS3647A Quad TRI-STATE MOS Memory I/O Register 5-28 

DS3648 TRI-STATE TTL to MOS Multiplexer/Driver 5-34 

DS3649 Hex TRI-STATE TTL to MOS Driver 5-39 

DS3650 Quad Differential Line Receiver 1-73 

DS3651 Quad High Speed MOS Sense Amplifier 5-43 

DS3652 Quad Differential Line Receiver 1-73 

DS3654 Printer Solenoid Driver 3-17 

DS3656 Quad Peripheral Driver 3-21 

DS3658 Quad High Current Peripheral Driver 3-23 

DS3662 Quad High Speed Trapezoidal Bus Transceiver 2-29 

DS3667 TRI-STATE Bidirectional Transceiver 2-47 

DS3668 Quad Fault Protected Peripheral Driver 3-26 

DS3669 Quad High Current Peripheral Driver 3-29 

DS3674 Quad TTL to MOS Clock Driver 5-49 

DS3678 TRI-STATE TTL to MOS Multiplexer/Driver 5-34 

DS3679 Hex TRI-STATE TTL to MOS Driver 5-39 




Alpha-Numeric Index (Continued) 


DS3680 Quad Negative Voltage Relay Driver 3-32 

DS3686 Dual Positive Voltage Relay Driver 3-35 

DS3687 Negative Voltage Relay Driver 3-38 

DS3691 RS-422/RS-423 Line Driver with TRI-STATE Outputs 1-81 

DS3692 TRI-STATE Differential Line Driver 1-87 

DS3695 Multipoint RS-485/RS-422 Transceiver/Repeater 1-98 

DS3695T Multipoint RS-485/RS-422 Transceiver/Repeater 1-98 

DS3696 Multipoint RS-485/RS-422 Transceiver/ Repeater 1-98 

DS3696T Multipoint RS-485/RS-422 Transceiver/Repeater 1-98 

DS3697 Multipoint RS-485/RS-422 Transceiver/Repeater 1-98 

DS3698 Multipoint RS-485/RS-422 Transceiver/Repeater 1-98 

DS3862 Octal High Speed Trapezoidal Bus Transceiver 2-52 

DS3890 BTL Octal Trapezoidal Driver 2-58 

DS3892 BTL Octal TRI-STATE Repeater 2-58 

DS3893A BTL Turbotransceiver 2-64 

DS3896 Futurebus Trapezoidal Transceiver 2-69 

DS3897 Futurebus Trapezoidal Transceiver 2-69 

DS3898 BTL Octal Trapezoidal Repeater 2-58 

DS7640 Quad NOR Unified Bus Receiver 2-96 

DS7641 Quad Unified Bus Transceiver 2-98 

DS7800 Dual Voltage Level Translator 7-21 

DS7820 Dual Line Receiver 1-163 

DS7820A Dual Line Receiver 1-167 

DS7830 Dual Differential Line Driver 1-176 

DS7831 Dual TRI-STATE Line Driver 1-180 

DS7832 Dual TRI-STATE Line Driver 1-180 

DS7833 Quad TRI-STATE Bus Transceiver 2-101 

DS7834 Quad TRI-STATE Bus Transceiver 2-105 

DS7835 Quad TRI-STATE Bus Transceiver 2-101 

DS7836 Quad NOR Unified Bus Receiver 2-109 

DS7837 Hex United Bus Receiver 2-111 

DS7838 Quad Unified Bus Transceiver 2-114 

DS7839 Quad TRI-STATE Bus Transceiver 2-105 

DS7880 High Voltage 7-Segment Decoder/Driver 4-28 

DS8614 130/225 MHz Low Power Dual Modulus Prescaler 8-6 

DS8615 130/225 MHz Low Power Dual Modulus Prescaler 8-6 

DS8616 130/225 MHz Low Power Dual Modulus Prescaler 8-6 

DS8617 130/225 MHz Low Power Dual Modulus Prescaler 8-6 

DS8627 130/225 MHz Low Power Prescaler 8-10 

DS8628 130/225 MHz Low Power Prescaler 8-10 

DS8629 120 MHz Divide-by-1 00 Prescaler 8-13 

DS8640 Quad NQR Unified Bus Receiver 2-96 

DS8641 Quad Unified Bus Transceiver 2-98 

DS8654 8-Qutput Display Driver (LED, VF, Thermal Printer) 4-14 

DS8669 2-Digit BCD to 7-Segment Decoder/Driver 4-18 

DS8673 Low Power VHF/UHF Prescaler 8-16 

DS8674 Low Power VHF/UHF Prescaler 8-16 

DS8800 Dual Voltage Level Translator 7-21 

DS8820 Dual Line Receiver 1-163 

DS8820A Dual Line Receiver 1-167 

DS8830 Dual Differential Line Driver 1-176 




Alpha-Numeric Index (Continued) 


DS8831 Dual TRI-STATE Line Driver 1-180 

DS8832 Dual TRI-STATE Line Driver 1-180 

DS8833 Quad TRI-STATE Bus Transceiver 2-101 

DS8834 Quad TRI-STATE Bus Transceiver 2-105 

DS8835 Quad TRI-STATE Bus Transceiver 2-101 

DS8836 Quad NQR Unified Bus Receiver 2-109 

DS8837 Hex United Bus Receiver 2-111 

DS8838 Quad Unified Bus Transceiver 2-114 

DS8839 Quad TRI-STATE Bus Transceiver 2-105 

DS8863 MOS-to-LED 8-Digit Driver 4-21 

DS8870 Hex LED Digit Driver 4-24 

DS8874 9-Digit Shift Input LED Driver 4-26 

DS8880 High Voltage 7-Segment Decoder/ Driver 4-28 

DS8881 Vacuum Fluorescent Display Driver 4-32 

DS8884A High Voltage Cathode Decoder/Driver 4-36 

DS8906 AM/FM Digital Phase-Locked Loop Synthesizer 8-19 

DS8907 AM/FM Digital Phase-Locked Loop Frequency Synthesizer 8-26 

DS8908 AM/FM Digital Phase-Locked Loop Frequency Synthesizer 8-32 

DS891 1 AM/FM/TV Sound Up-Conversion Frequency Synthesizer 8-40 

DS8921 Differentiai Line Driver and Receiver Pair 1-202 

DS8921 A Differential Line Driver and Receiver Pair 1-202 

DS8922 TRI-STATE RS-422 Dual Differential Line Driver and Receiver Pair 1-207 

DS8922A TRI-STATE RS-422 Dual Differential Line Driver and Receiver Pair 1-207 

DS8923 TRI-STATE RS-422 Dual Differential Line Driver and Receiver Pair 1-207 

DS8923A TRI-STATE RS-422 Dual Differential Line Driver and Receiver Pair 1-207 

DS8924 Quad TRI-STATE Differential Line Driver 1-213 

DS8963 MQS-to-LED 8-Digit Driver 4-21 

DS8973 9-Digit LED Driver 4-39 

DS9614 Dual Differential Line Driver (See DS551 14 Datasheet) 1-124 

DS9615 Dual Differential Line Receiver (See DS55115 Datasheet) 1-129 

DS9622 Dual Line Receiver 1-216 

DS9627 Dual Line Receiver 1-219 

DS9636A RS-423 Dual Programmable Slew Rate Line Driver 1-223 

DS9637A Duai Differential Line Receiver 1-227 

DS9638 RS-422 Dual High Speed Differential Line Driver 1 -232 

DS9639A Duai Differential Line Receiver 1 -236 

DS9643 Dual TTL to MOS/CCD Driver 5-81 

DS16149 Hex MOS Driver 5-54 

DS16179 Hex MOS Driver 5-54 

DS36149 Hex MOS Driver 5-54 

DS36179 Hex MOS Driver 5-54 

DS55107 Dual Line Receiver 1-105 

DS55107A Dual Line Receiver (See DS55107 Datasheet) 1-105 

DS55108 Dual Line Receiver 1-105 

DS55110A Duai Line Driver.. 1-112 

DS551 13 Dual TRI-STATE Differential Line Driver 1-117 

DS55114 Dual Differential Line Driver 1-124 

DS55115 Dual Differential Line Receiver 1-129 

DS55121 Duai Line Driver 1-134 

DS55325 Memory Driver 5-58 

DS55451 Series Dual Peripheral Driver 3-41 
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DS55452 Series Dual Peripheral Driver 3-41 

DS55453 Series Dual Peripheral Driver 3-41 

DS55454 Series Dual Peripheral Driver 3-41 

DS55461 Series Dual Peripheral Driver 3-57 

DS55462 Series Dual Peripheral Driver 3-57 

DS55463 Series Dual Peripheral Driver 3-57 

DS55464 Series Dual Peripheral Driver 3-57 

DS55493 Quad LED Segment Driver 4-9 

DS55494 Hex Digit Driver 4-12 

DS75107 Dual Line Receiver 1-105 

DS75108 Dual Line Receiver 1-105 

DS751 1 0A Dual Line Driver 1-112 

DS751 13 Dual TRI-STATE Differential Line Driver 1-117 

DS75114 Dual Differential Line Driver 1-124 

DS75115 Dual Differential Line Receiver 1-129 

DS75121 Dual Line Driver 1-134 

DS75123 Dual Line Driver 1-136 

DS751 24 Triple Line Receiver 1-138 

DS75125 Seven-Channel Line Receiver 1-141 

DS75127 Seven-Channel Line Receiver 1-141 

DS75128 Eight-Channel Line Receiver 1-145 

DS75129 Eight-Channel Line Receiver 1-145 

DS75150 Dual Line Driver 1-149 

DS75154 Quad Line Receiver 1-153 

DS751 GOA IEEE-488 GPIB Transceiver 2-88 

DS75161 A IEEE-488 GPIB Transceiver 2-88 

DS75162A IEEE-488 GPIB Transceiver 2-88 

DS75176A Multipoint RS-485/RS-422 Transceiver 1-158 

DS75176AT Multipoint RS-485/RS-422 Transceiver 1-158 

DS75208 Dual Line Receiver 1-105 

DS75325 Memory Driver 5-58 

DS75361 Dual TTL-to-MQS Driver 5-71 

DS75365 Quad TTL-to-MQS Driver 5-76 

DS75450 Series Dual Peripheral Driver 3-41 

DS75451 Series Dual Peripheral Driver 3-41 

DS75452 Series Dual Peripheral Driver 3-41 

DS75453 Series Dual Peripheral Driver 3-41 

DS75454 Series Dual Peripheral Driver 3-41 

DS75461 Series Dual Peripheral Driver 3-57 

DS75462 Series Dual Peripheral Driver 3-57 

DS75463 Series Dual Peripheral Driver 3-57 

DS75464 Series Dual Peripheral Driver 3-57 

DS75491 MOS-to-LED Quad Segment Driver 4-6 

DS75492 MQS-to-LED Hex Digit Driver 4-6 

DS75493 Quad LED Segment Driver 4-9 

DS75494 Hex Digit Driver 4-12 

DS96172 RS-485/RS-422 Quad Differential Line Driver 1-245 

DS96173 RS-485/RS-422 Quad Differential Line Receiver 1-255 

DS96174 RS-485/RS-422 Quad Differential Line Driver 1-245 

DS96175 RS-485/RS-422 Quad Differential Line Receiver 1-255 

DS96176 RS-485/RS-422 Differential Bus Transceiver 1-260 
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DS96177 RS-485/RS-422 Differential Bus Repeater 1-274 

MM78C29 Quad Single-Ended Line Driver 1-281 

MM78C30 Quad Differential Line Driver 1-281 

MM88C29 Quad Single-Ended Line Driver 1-281 

MM88C30 Quad Differential Line Driver 1-281 

MM5450 LED Display Driver 4-44 

MM5451 LED Display Driver 4-44 

MM5452 Liquid Crystal Display Driver 4-50 

MM5453 Liquid Crystal Display Driver 4-50 

MM5480 LED Display Driver 4-57 

MM5481 LED Display Driver 4-61 

MM5483 Liquid Crystal Display Driver 4-65 

MM5484 16-Segment LED Display Driver 4-68 

MM5486 LED Display Driver 4-71 

MM58201 Multiplexed LCD Driver 4-76 

MM58241 High Voltage Display Driver 4-82 

MM58242 High Voltage Display Driver 4-87 

MM58248 High Voltage Display Driver 4-92 

MM58341 High Voltage Display Driver 4-97 

MM58342 High Voltage Display Driver 4-102 

MM58348 High Voltage Display Driver 4-107 

)iA9614 Dual Differential Line Driver (See DS55114 Datasheet) 1-124 

|xA961 5 Dual Differential Line Receiver (See DS551 1 5 Datasheet) 1-129 

ju,A9622 Dual Line Receiver 1-216 

ju,A9627 Dual Line Receiver 1-219 

jaA9636A RS-423 Dual Programmable Slew Rate Line Driver 1-223 

jliA 9637A Dual Differential Line Receiver 1 -227 

jliA 9638 RS-422 Dual High Speed Differential Line Driver 1-232 

JU.A9639A Dual Differential Line Receiver 1-236 

jnA9643 Dual TTL to MQS/CCD Driver 5-81 

jaA9665 High Current/Voltage Darlington Driver 3-65 

jaA9666 High Current/Voltage Darlington Driver 3-65 

ju,A9667 High Current/Voltage Darlington Driver 3-65 

ju,A9668 High Current/Voltage Darlington Driver 3-65 

)liA 551 1 0A Dual Line Driver 1-112 

ju,A751 1 0A Dual Line Driver 1-112 

ju,A96172 RS-485/RS-422 Quad Differential Line Driver 1-245 

ju,A96173 RS-485/RS-422 Quad Differential Line Receiver 1-255 

ju,A96174 RS-485/RS-422 Quad Differential Line Driver 1-245 

IU.A96175 RS-485/RS-422 Quad Differential Line Receiver 1-255 

|liA 96176 RS-485/RS-422 Differential Bus Transceiver 1-260 

ju-A96177 RS-485/RS-422 Differential Bus Repeater 1-274 




Additional Information on 
Advanced Peripherals 

AB-1 DP8408A/9A Application Hints DRAM Management 

AB-9 DP8408A/9A Fastest DRAM Access Mode DRAM Management 

AN-302 The DP8400 Family of Memory Interface Circuits DRAM Management 

AN-305 Precautions to Take when Driving Memories DRAM Management 

AN-306 Expanding the Versatility of the DP8400 DRAM Management 

AN-308 DP8400S in 64-Bit Expansion DRAM Management 

AN-309 Memory Supporting the DP8408A/09A to Various Microprocessors DRAM Management 

AN-387 DP8400/841 9 Error Correcting Dynamic RAM Memory System for 

the Series 32000 DRAM Management 

AN-41 1 Determining the Speed of the Dynamic RAM Needed for No-Wait State 

CPU Operation when Using the DP841 8, 841 9, 8428, 8429 DRAM Management 

AN-413 Disk Interface Design Guide and User Manual Mass Storage 

AN-414 Precautions for Disk Data Separator (PLL) Designs — How to Avoid 

Typical Problems Mass Storage 

AN-41 5 Designing with the DP8461 Mass Storage 

AN-41 6 Designing with the DP8465 Mass Storage 

AN-436 Dual Porting Using DP84XX Family DRAM Controller/ Drivers DRAM Management 

DP5380 Asynchronous SCSI Interface Mass Storage 

DP8340 (IBM 3270) Serial Bi-Phase Transmitter/Encoder LAN/Datacom 

DP8341 (IBM 3270) Serial Bi-Phase Receiver/Decoder LAN/Datacom 

DP8342 High-Speed Serial Transmitter/Encoder LAN/Datacom 

DP8343 High-Speed Serial Receiver/ Decoder LAN/Datacom 

DP8344 Bi-Phase Communications Processor LAN/Datacom 

DP8390 IEEE 802.3 (Ethernet/Cheapernet) Network Interface Controller LAN/Datacom 

DP8391 IEEE 802.3 (Ethernet/Cheapernet) Serial Network Interface LAN/Datacom 

DP8392 IEEE 802.3 (Ethernet/Cheapernet) Coax Transceiver Interface LAN/Datacom 

DP8400-2 E2C2 Expandable Error Checker/Corrector Memory Support 

DP8402A 32-Bit Parallel Error Detector and Corrector (EDAC) Memory Support 

DP8408A 16k/64k Dynamic RAM Controller/Driver DRAM Management 

DP8408A-2 16k/64k Dynamic RAM Controller/Driver DRAM Management 

DP8409A 64k/256k Multi-Mode Dynamic RAM Controller/Driver DRAM Management 

DP8409A-2 64k/256k Multi-Mode Dynamic RAM Controller/Driver DRAM Management 

DP8417-70 64k/256k High Speed Dynamic RAM Controller/ Driver (TRI-STATE) DRAM Management 

DP8417-80 64k/256k High Speed Dynamic RAM Controller/Driver (TRI-STATE) DRAM Management 

DP8418 64k/256k High Speed Dynamic 

RAM Controller/Driver (32-Bit Systems) DRAM Management 

DP8418-70 64k/256k High Speed Dynamic 

RAM Controller/Driver (32-Bit Systems) DRAM Management 

DP8418-80 64k/256k High Speed Dynamic 

RAM Controller/Driver (32-Bit Systems) DRAM Management 

DP8419-70 64k/256k High Speed Dynamic 

RAM Controller/Driver (1 6-Bit Systems) DRAM Management 

DP8419-80 64k/256k High Speed Dynamic 

RAM Controller/Driver (1 6-Bit Systems) DRAM Management 

DP8419X-70 256k to 1 Megabit Dynamic RAM Controller/Driver Bridge DRAM Management 

DP8419X-80 256k to 1 Megabit Dynamic RAM Controller/Driver Bridge DRAM Management 

DP8420 1 Megabit Programmable Dynamic RAM Controller/Driver DRAM Management 

DP8422 1 Megabit Programmable Dynamic RAM Controller/Driver DRAM Management 

DP8428-70 1 Megabit High Speed Dynamic 

RAM Controiler/Driver (32-Bit Systems) DRAM Management 

DP8428-80 1 Megabit High Speed Dynamic 

RAM Controller/ Driver (32-Bit Systems) DRAM Management 
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Additional Information on 
Advanced Peripherals (Continued) 


DP8429-70 1 Megabit High Speed Dynamic 

RAM Controller/Driver (1 6-Bit Systems) DRAM Management 

DP8429-80 1 Megabit High Speed Dynamic 

RAM Controller/Driver (1 6-Bit Systems) DRAM Management 

DP8451-3 Winchester Hard Disk Data Synchronizer (10 MBit/Sec) Mass Storage 

DP8451-4 Winchester Hard Disk Data Synchronizer (5 MBit/Sec) Mass Storage 

DP8455-3 Winchester Hard Disk Data Synchronizer (10 MBit/Sec) Mass Storage 

DP8455-4 Winchester Hard Disk Data Synchronizer (5 MBit/Sec) Mass Storage 

DP8459 All-Code Data Synchronizer Mass Storage 

DP8461-3 Winchester Hard Disk Data Separator (10 MBit/Sec) Mass Storage 

DP8461-4 Winchester Hard Disk Data Separator (5 MBit/Sec) Mass Storage 

DP8462-3 Winchester Hard Disk Data Synchronizer for 2, 7 Codes (10 MBit/Sec) Mass Storage 

DP8462-4 Winchester Hard Disk Data Synchronizer for 2, 7 Codes (5 MBit/Sec) Mass Storage 

DP8463B Winchester Hard Disk 2, 7 Code to NRZ Encoder/ Decoder Mass Storage 

DP8464B-2 Winchester Hard Disk Pulse Detector Mass Storage 

DP8464B-3 Winchester Hard Disk Pulse Detector Mass Storage 

DP8465-3 Winchester Hard Disk Data Separator (10 MBit/Sec) Mass Storage 

DP8465-4 Winchester Hard Disk Data Separator (5 MBit/Sec) Mass Storage 

DP8466 Disk Data Controller Mass Storage 

DP8466-1 2 Disk Data Controller (1 2 MBit/Sec Data) Mass Storage 

DP8466-20 Disk Data Controller (20 MBit/Sec Data) Mass Storage 

DP8466-25 Disk Data Controller (25 MBit/Sec Data) Mass Storage 

DP8472 Floppy Disk Controller Plus Mass Storage 

DP8473 Floppy Disk Controller Plus-AT Mass Storage 

DP8474 Floppy Disk Controller Plus Mass Storage 

DP8500 Raster Graphics Processor Graphics 

DP8506 Video Plane Controller Graphics 

DP8510 BITBLT Processing Unit Graphics 

DP8512 Video Clock Generator Graphics 

DP851 5 Video Shift Register Graphics 

DP851 6 Video Shift Register Graphics 

DP8520 Video DRAM Controller Graphics 

DP84300 Dynamic RAM Controller Programmable Refresh Timer DRAM Management 

DP84322 Dynamic RAM Controller Interface Circuit for 68000/008/010 CPU(s) DRAM Management 

DP84412 Dynamic RAM Controller Interface Circuit for 32008/016/032 CPU(s) DRAM Management 

DP84422 Dynamic RAM Controller Interface Circuit for 68000/008/010 CPU(s) DRAM Management 

DP84432 Dynamic RAM Controller Interface Circuit for 8086/88/186/188 CPU(s) . . .DRAM Management 

DP84512 Dynamic RAM Controller Interface Circuit for 32332 CPU DRAM Management 

DP84522 Dynamic RAM Controller Interface Circuit for 68020 CPU DRAM Management 

DP84532 Dynamic RAM Controller Interface Circuit for 80286 CPU DRAM Management 

DP8468B Disk Pulse Detector and Embedded Servo Detector Mass Storage 

DP8469 Synchronizer/2,7 Endec Mass Storage 

DP8490 Enhanced Asynchronous SCSI Interface Mass Storage 

Dynamic RAM Controller Pushes System Speed to 10 MHz — and Beyond DRAM Management 

Effortless Error Management DRAM Management 

Error Correction the Hard Way DRAM Management 

MM74HC942 300 Baud Modem LAN/Datacom 

MM74HC943 300 Baud Modem LAN/Datacom 

Simplification of 2-Bit Error Correction DRAM Management 

Single-Chip Controllers Cover all RAMs from 1 6k to 256k DRAM Management 
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Differential Data Transmission (Continued) 


EIA RS-422 Application 



RS422 

' INTERFACE 


The key features of RS-485: 

■ Implements a truly multipoint bus consisting of up to 32 
drivers and 32 receivers 

■ An extended common-mode range for both drivers and 
receivers in TRI-STATE and writh power off (-7V to 
-f 12 V) 


■ Drivers can withstand bus contention and bus faults 
National Semiconductor produces a variety of drivers, re- 
ceivers, and transceivers for these four very popular trans- 
mission standards and numerous other data transmission 
requirements. 

Shown below is a table that highlights key aspects of the 
EIA Standards. More detailed comparisons can be found in 
the various application notes in Section 1. 


RS-485 Application 


T — Transceiver 



Specification 


Mode of Operation 


Number of Drivers and Receivers 
Allowed on One Line 


Maximum Cable Length 


Maximum Data Rate 


Driver Output Maximum Voltage 


Driver Output Signal Level 


Driver Load Impedance 


Maximum Driver Output Current | Power On 
(High Impedance State) 


Slew Rate 


Receiver Input Voltage Range 


Receiver Input Sensitivity 


Receiver Input Resistance 


Power Off 


RS-232C 


Single-Ended 


1 Driver, 

1 Receiver 


50 feet 


20 kb/s 


±25V 


RS-423 


Single-Ended 


1 Driver, 

10 Receivers 


4000 feet 


100 kb/s 


±6V 




RS-422 


Differential 


1 Driver, 

10 Receivers 


4000 feet 


10 Mb/s 


-0.25V to +6V 


RS-485 


Differential 


32 Drivers, 

32 Receivers 


4000 feet 


10 Mb/s 



VMAx/300a 


30 V//LIS max 


±15V 


±100 ju,A 


Controls Provided 


-7Vto +7V 


±200 mV 


4 kn min 


±200 mV 


1 2 kfl min 


Transmission Line Drivers/Receivers 
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O) 


Line length is a function of data rate (baud) and slew rate. The recommended safe operating area 
(line length vs baud rate) is shown below for 24 AWG wire. It assumes that a differential line 
receiver is used which is referenced at the driver ground. Also, it assumes that the driver slew 
rate is between 0.1 to 0.3 times the reciprocal of the baud rate (minimum unit interval). Other- 
wise, line lengths greater than 50 feet are not recommended. The exception to line length is the 
360 I/O coaxial interface. The coaxial provides improved grounding and eliminates crosstalk. 


UNBALANCED DRIVERS 



' DATA MODULATION (BAUD RATE) 

TL/XX/0099-1 

RS-423 


Standard 

Device Number 

Circuits 

Per 

Package 

Power 

Supplies 

(V) 

Open-Collector/ 
Open Emitter 
TRI-STATE 

Party-Line 

Application 

Slew Rate 
Control 

Output 

Current 

(mA) 

Output 

Voltage 

(V) 

Propagation 

Delay 

(ns) 

Comments 

Page 

No. 

Commercial 
0°Cto -f 70°C 

Military 

-55°C to -M25°C 

RS-232 

DS1488 


4 

±9or ±15 



lOS/C 

±6 

±6 or ±9 

200 


1-13 

RS-232 

DS14C88 



±9or ±15 



Internal 

±6 

±7or ±11 



1-17 

RS-232 

DS75150 


2 

±12 



lOS/C 

±10 

±5 

60 


1-149 

RS-423 

DS3691 

DS1691A 

4 

±5 or ±5 

TRI-STATE 

Yes 

CEXT 

±20 

±2 

200 


1-81 

RS-423 

DS9636AC/ 

fi,A9636AC 

DS9636AM/ 

)liA9636AM 

2 

±12 



Yes 

±60 

±6 

1400 


1-223 

MIL-188-114 

DS3692 

DS1692 

B 

± 5 or ±5 

TRI-STATE 

Yes 

CEXT 

±20 

±2 

200 

±10V Common-Mode 
Range 

1-87 

360 I/O 

DS75121 

DS55121 

2 

5 

Emitter 

Yes 


-100 

2.4 

10 

50il Coax Driver 

1-134 

360 I/O 

DS75123 


2 

5 

Emitter 

Yes 


-100 

2.4 

10 

50fl Coax Driver (IBM) 

1-136 


DS75450 


2 

5 

Emitter and 
Collector 

Yes 


300 

0.7 

20 


3-41 


DS75451 

DS55451 

2 

5 

Collector 

Yes 


300 

0.7 

18 


3-41 


DS75452 

DS55452 

2 

5 

Collector 

Yes 


300 

0.7 

26 


3-41 


DS75453 

DS55453 

2 

5 

Collector 

Yes 


300 

0.7 

18 


3-41 


DS75454 

DS55454 

2 

5 

Collector 

Yes 


300 

0.7 

27 


3-41 


DS75110A/ 

JLI.A75110A 

DS55110A/ 

jaA55110A 

2 

±5 

Constant 

Current 

Yes 


12 


15 


1-112 


























































































































































DbvIcg Nutnber Circuits Power 

Standard Commerciai Miiitary P®’’ Suppiies 

0°Cto+70°C -55“Cto +125°C Package (V) 


RS-232 DS1489 



UNBALANCED RECEIVERS 


Response Hysteresis 



Strobed 


TRI-STATE 


TRI-STATE 


TRI-STATE 


TRI-STATE 


TRI-STATE 


TRI-STATE 


TRI-STATE 


Strobed 


Strobed 


Strobed 


30 

±7 

±0.2 

22 

100 

±7 

±0.2 

17 

100 

±7 

±0.2 

23 

100 

±15 

±0.2 

25 


±7 

±0.2 

22 

±25 

±0.2 

50 

±25 

±0.2 

50 

±25 

±0.2 

50 



Fail-Safe 


Fail-Safe 



0.8 to 2 


0.7 to 1.7 


0.7 to 1.7 












son Coax. Receiver (IBM) 


IBM Coax. Receiver 


IBM Coax. Receiver 


IBM Coax. Receiver 


IBM Coax. Receiver 






















































































































































































































































































BALANCED DIFFERENTIAL TRANSMISSION LINE DRIVERS AND RECEIVERS 


The balanced or differential scheme of data transmission is preferred for appiications incorporat- 
ing high data rates and long transmission iines in the presence of high common-mode noise, 
induced signals appear as common-mode levels and are rejected by the differential line receiver. 



DATA MODULATION (BAUD RATE) 

TL/XX/0099-2 

RS-422 




RS-422 


BALANCED DIFFERENTIAL TRANSMISSION LINE DRIVERS AND RECEIVERS (Continued) 

BALANCED DRIVERS 



Device Number 


Commercial 


Military 


Circuits 

Per 


Vol(V) 



0°C to +70X -55X to + 125°C Package 


DS26C31 


DS26F31C I DS26F31M 


DS26LS31M 


DS3587 


DS26LS31C 


DS3487 


DS34C87 


DS34F87 


DS3691 


DS8921.21A 


DS8922 

DS8922A 


S"PP«'S Open Collector Ap“Slon TRI-STATE ^oljW^ loL jmA) 


Propagation 

Delay 

(ns) 



DS8923 

DS8923A 


DS9638C/ 

ftA9638C 


DS3695 


DS36F95 


DS3696 


DS75176A 


DS96F172C 


DS96172/ 

/LtA96172 


DS96F174C 


DS96174/ 

JXA96174 


DS96176/ 

jaA96176 


DS96F177C 


DS96177/ 

|tiA96177 




Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 



Transceiver with Line 
Fault Reporting 


Repeater 


Repeater with Line 
Fault Reporting 


Transceiver 



Repeater 


Repeater 
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BALANCED DRIVERS 



Device Number 


Commercial 


Military 


Circuits 

Per 


OX to +70X -55X to + 125X Package 


Power 

Supplies 

(V) 


Strobed 

or 

TRI-STATE 


DS96F178C 


DS8830 


DS8831 




DS96F178M 


DS7830 


DS7831 




Response 

Hysteresis 

Control 

(mV) 

Yes 

Yes 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 


Common-Mode 

Range 

(V) 

Threshold 

Sensitivity 

(V) 

Propagation 

Delay 

(ns) 




1.8/ -40 

0.5/40 

10 

1.8/ -40 

0.5/40 

10 

1.8/ -40 

0.5/40 

10 

2.0/ -48 

0.5/48 

12 

2.0/ -40 

0.4/40 

13 

2.0/ -40 

0.4/40 

15 



Repeater 


DS8831 without Vcc 
Clamp Diode 


See DS55114 












































































































BALANCED RECEIVERS 



Device Number 


Commercial Military 
0°C to +70°C ^55°C to + 125°C 


DS26C32 


DS26F32C DS26F32M 


DS26LS32C DS26LS32M 


DS26LS32AC 


DS3486 


DS34C86 


DS34F86 


DS88C20 


Circuits Power 
Per Supplies 
Package (V) 



DS35F86 


DS78C20 


DS88C120 DS78C120 


DS88LS120 DS78LS120 


DS8921 


DS8921A 


DS8922 


DS8922A 


DS8923 


DS8923A 


^ : e 1 2 n e j 2 



2 

5 to 15 

2 

5 to 15 

2 

5 

1 

5 

1 

5 

2 

5 

2 

5 

2 

5 

2 

5 

2 

5 

2 

5 


strobed 

or 

TRI-STATE 


TRI-STATE 


TRI-STATE 


TRI-STATE 


TRI-STATE 


TRI-STATE 


TRI-STATE 


TRI-STATE 


Strobed 


Strobed 


Strobed 


Response Hysteresis 


Common-Mode Threshold Propagation 
Range Sensitivity Delay 
(V) (V) (ns) 



30 

±7 

±0.2 

22 

100 

±7 

±200 

17 

100 

±7 

±200 

17 

80 

±10 

±200 

17 



±7 

±0.2 

±10 

±200 

±10 

±200 

±10 

±200 

±7 

±200 

±7 

±200 

±7 

±200 

±7 

±200 

±7 

±200 

±7 

±200 

±7 

±0.2 

±7 

±0.2 
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BALANCED RECEIVERS Continued 


Device Number 

Standard Commercial Military 

0°C to + 70°C -55°C to + 125”C 


RS-485 DS3695 


RS-485 DS36F95 


Circuits 

Per 

Package 


Power 

Suppiies 

(V) 


Strobed 

or 

TRI-STATE 


Response Hysteresis 
Control (mV) 


Common-Mode Threshold Propagation 





































































































































































































































National 

Semiconductor 


DS1488 Quad Line Driver 

General Description Features 

The DS1488 is a quad line driver which converts standard ■ Current limited output ±10 mA typ 

TTL input logic levels through one stage of inversion to out- ■ Power-off source impedance 300fl min 

put levels which meet EIA Standard No. RS-232C and ■ Simple slew rate control with external capacitor 
CCITT Recommendation V.24. ^ Flexible operating supply range 

■ Inputs are TTL/LS compatible 


Schematic and Connection Diagrams 



Dual-ln-Line Package 


v+ 





V- GND 

TL/F/5776-2 

Top View 

Order Number DS1488J, DS1488M or DS1488N 
See NS Package Number J14A, M14A or N14A 


Typical Applications 

RS-232C Data Transmission 



TL/F/5776-3 


•Optional for noise filtering 
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DS1488 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Saies Office/ 
Distributors for availabiiity and specifications. 

Supply Voltage 

V+ ±15V 

V- -15V 

Input Voltage (V|n) - 1 5V ^ V|n ^ 7.0V 

Output Voltage ±15V 

Operating T emperature Range 0°C to + 75°C 


Storage Temperature Range 
Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded DIP Package 
SO Package 

Lead Temperature (Soldering, 4 sec.) 


-65°Cto +150°C 

1364 mW 
1280 mW 
974 mW 
260°C 


•Derate cavity package 9.1 mW/°C above 25°C; derate molded DIP pack- 
age 10.2 mW/°C above 25°C; derate SO package 7.8 mW/”C above 25°C. 


Electrical Characteristics (Notes2and3)Vcc+ = 9V, Vcc“ = -9V unless otherwise specified 


Symbol 


l|L 


IlH 


VoH 


Parameter 


Logical “0" Input Current 


Logical “1” Input Current 


High Level Output Voltage 


Low Level Output Voltage 


High Level Output 
Short-Circuit Current 


Low Level Output 
Short-Circuit Current 


Output Resistance 


Positive Supply Current 
(Output Open) 


Negative Supply Current 
(Output Open) 


Power Dissipation 


Conditions 

V|N = ov 

V|N = -fS.OV 

R|[_ = 3.0 kfl. 

V+ = 9.0V, V- = -9.0V 

V|N = 0.8V 

V+ = 13.2V, V- = -13.2V 

Rl = 3.0 kil. 

V+ = 9.0V, V- = -9.0V 

V|N = 1.9V 

V+ = 13.2V, V- = -13.2V 

Vqut = ov, V|^ 

= 0.8V 

Vqut = ov, V|f^ 

= 1.9V 

v+ = V- = ov, Vout = ±2V 

V|N = 1.9V 

V+ = 9.0V, V- = -9.0V 


V+ = 12V, V- = -12V 

V+ = 15V, V- = -15V 

V|N = 0.8V 

V+ = 9.0V, V- = -9.0V 


V+ = 12V, V- = -12V 

V+ = 15V, V- = -15V 

ViN = 1.9V 

V+ = 9.0V, V- = -9.0V 


V+ = 12V, V- = -12V 

V+ = 15V, V- = -15V 

V|N = 0.8V 

V+ = 9.0V, V- = -9.0V 


V+ = 12V, V- = -12V 

V+ = 15V, V- = -15V 

V+ = 9.0V, V- 

= -9.0 V 

V+ = 12V, V- 

= -12V 



Switching Characteristics (Vcc 

= 9V,Vee = -9V,Ta = 25°C) 

Symbol 

Parameter 

Conditions 

^pdl 

Propagation Delay to a Logical “1” 

Rl = 3.0 k«. Cl = 15 pF, Ta = 25°c 

tpdO 

Propagation Delay to a Logical "0” 

Rl = 3.0 kn. Cl = 15 pF, Ta = 25°c 


Rise Time 

Rl = 3.0 kn. Cl = 15 pF, Ta = 25°c 

nB 

Fall Time 

Rl = 3.0 kft. Cl = 15 pF, Ta = 25°c 


Typ 

Max 

Units 

230 

350 

ns 

70 

175 

ns 

75 

100 

ns 

40 

75 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2; Unless otherwise specified min/max limits apply across the 0°C to +75°C temperature range for the DS1488. 

Note 3; All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless othenwise noted. All values shown 
as max or min on absolute value basis. 
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Applications 

By connecting a capacitor to each driver output the sle\w 
rate can be controlled utilizing the output current limiting 
characteristics of the DS1488. For a set slew rate the ap- 
propriate capacitor value may be calculated using the fol- 
lowing relationship 

C = Isc (AT/AV) 

where C is the required capacitor, Isc is the short circuit 
current value, and AV/AT is the slew rate. 

Typical Applications (Continued) 

DTL/TTL-to-MOS Translator 


RS-232C specifies that the output slew rate must not ex- 
ceed 30V per microsecond. Using the worst case output 
short circuit current of 1 2 mA in the above equation, calcula- 
tions result in a required capacitor of 400 pF connected to 
each output. 

See Typical Performance Characteristics. 


DTL/TTL-to-HTL Translator 



MQS OUTPUT 
-10V TO -0.4V 


HTL OUTPUT 
-0.7V TO 10V 


DTL/TTL-to-RTL Translator 



RTL OUTPUT 
-0.7V TO +3.7V 


-12 V +3.0V 


AC Load Circuit and Switching Time Waveforms 



3K 15 pF" 



'Cl includes probe and jig capacitance. 



t, and If are measured between 10% 
and 90% of the output waveform. 
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DS1488 





SLEW RATE (VOLTS/;is) Vq. OUTPUT VOLTAGE (VOLTS) 


Typical Performance Characteristics Ta = +25°C unless otherwise noted 




V|N. INPUT VOLTAGE (VOLTS) 

TL/F/5776-9 

FIGURE 1. Transfer Characteristics 
vs Power Supply Voltage 



^ -55 

-75 -50 -25 0 25 50 75 100 125 

T. TEMPERATURE (°C) 


TL/F/5776-10 

FIGURE 2. Short-Circuit Output 
Current vs Temperature 



Cl, capacitance (pF) 

TL/F/5776-11 

FIGURE 3. Output Slew Rate vs 
Load Capacitance 


Vq, output voltage (V) 

TL/F/5776-12 

FIGURE 4. Output Voltage and 
Current-Limiting Characteristics 
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National 

Semiconductor 


DS14C88/DS14C89A Quad CMOS Line Driver/Receiver 


General Description Features 

The DS14C88 and DS14C89A, pin-for-pin replacements for ■ Meets EIA RS-232-C and CCITT V.24 standard 

the DS1488/MC1488 and the DS1489/MC1489, are line ■ Low power consumption 

drivers/receivers designed to interface data terminal equip- ■ Pin-for-pin equivalent to DS1 488/MCI 488 and 

ment (DTE) with data communications equipment (DCE). DS1489/MC1489 

These devices translate standard TTL or CMOS logic levels ^ Low Delay Slew 

to/from levels conforming to RS-232-C and CCITT V.24 ^ DS14C88 Driver 

standards. — Power-off source impedance 300n min. 

Both devices are fabricated in low threshold CMOS metal —Wide operating voltage range: 4.5V- 12.6V 

gate technology. They provide very low power consumption — TTL/LSTTL compatible 

in comparison to their bipolar equivalents; 900 iiA versus g DS14C89A 

26 mA for the receiver and 500 p,A versus 25 mA for the Internal noise filter 

— Inputs withstand ±30V 

The DS14C88/DS14C89A simplify designs by eliminating — Fail-safe operating mode 
the need for external capacitors. For the DS14C88, slew — Internal input threshold with hysteresis 
rate control in accordance with RS-232-C is provided on 
chip, eliminating the output capacitors. For the DS14C89A, 
noise pulse rejection circuitry eliminates the need for re- 
sponse control filter capacitors. When replacing the 
DS1489 with DS14C89A, the response control filter pins 
can be tied high, low or not connected. 


Connection Diagrams 


OS14C88 DuaMn-Llne Package DS14C89A Dual-ln-Llne Package 



INPUT NC OUTPUT INPUT NC OUTPUT CNO 
A A e B 


TL/F/8508-2 

Order Number DS14C89AJ, DS14C89AM or DS14C89AN 
See NS Package Number J14A, M14A or N14A 
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DS14C88/DS14C89A 




DS14C88/DS14C89A 


DS14C88 Quad CMOS Line Driver 


Absolute Maximum Ratings (Notei) 


If Military/Aerospace specified devices are required, 

Lead Temp. (Soldering 10 sec.) 

-1- 260°C 

contact the National Semiconductor Sales Office/ 

Supply Voltage V+ 

+ 13V 

Distributors for availability and specifications. 

V- 

-13V 

Voltage at Any Input Pin 

(V+) + 0.3V toGND-0.3V 

This product does not meet 2000V ESD rating. (Note 4) 

Voltage at Any Output Pin 




(Note 2) 

-25 V to +25V 

Operating Conditions 


Storage Temp. 

-65°Cto +150“C 

Min 

Max 

Power Dissipation 

(See Note 2) 

Supply Voltage V+ (GND = OV) -F4.5V 

-M2.6V 

Junction Temperature 

-t-150°C 

Supply Voltage V“ (GND = OV) -4.5V 

-12.6V 



Temperature Range 0°C 

-t-75“C 


DC Electrical Characteristics 

Ta = 0°C to +75°C, V+ = 4.5V to 12V, GND = OV, V~ = -4.5V to -12V unless otherwise specified 


Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

l|L. I|H 

Maximum Input Current 

V|N = GNDorV+ 

-10 

10 

jaA 

V|H 

High Level Input Voltage 


2.0 

Vdd 

V 

V|L 

Low Level Input Voltage 

V+ 2: 7V.V ^ -7V 

GND 

0.8 

V 



V+ ^ 7V,V" ^ -7V 

GND 

0.6 

V 

VOH 

High Level Output Voltage 

V|N = V|L 

Rl = 3kft or 7kft 

V+ = +4.5V.V- = -4.5V 

3.0 


V 



V+ = -)-9V.V- = -9V 

6.5 


V 



V+ = -M2V.V- = -12V 

9.0 


V 

VoL 

Low Level Output Voltage 

V|N = V|H 

Rl = 3kO or 7kn 

V+ = -t-4.5V.V- = -4.5V 


-3.0 

V 



V+ = -i-9V,V- = -9V 


-6.5 

V 



V+ = -M2V.V- = -12V 


-9.0 

V 

ios+ 

High Level Output 

V|N = V|L 


-1-45 

mA 


Short Circuit 

VoUT = GND 





Current (Note 3) 

V+ = -M2V,V- = -12V 




Iqs-' 

Low Level Output 

ViN = V|H 


-45 

mA 


Short Circuit 

^OUT = GND 





Current (Note 3) 

V+ = -f 12V.V- = 12V 




Rout 

Output Resistance 

V+ = V- = OV 
-2V ^ VouT ^ 2V 

300 


n 

lcc+ 

Positive Supply Current 

V|N = V|L. Rl = open 





(per package) 

V+ = -I-4.5V.V- = -4.5V 


10 

(xA 



V+ = -F9V.V- = -9V 


30 

jxA 



V+ = -M2V.V- = -12V 


60 

jaA 



ViN = V|H. Rl = open 
V+ = -F4.5V.V- = -4.5V 


50 

jxA 



V+ = -I-9V.V- = -9V 


300 

jxA 



V+ = -M2V.V- = -12V 


500 

jxA 

Icc- 

Negative Supply 

ViN = ViL. Rl = open 





Current (per 

V+ = -t-4.5V.V- = -4.5V 


-10 

/xA 


package) 

V+ = -t-9V.V- = -9V 


-10 

^lA 



V+ = -f 12V.V- = -12V 


-10 

jxA 



ViN = V|H. Rl = Open 
V+ = -I-4.5V.V- = -4.5V 


-30 

fxA 



V+ = +9V.V- = -9V 


-30 

jxA 



V+ = -M2V, V- = -12V 


-60 

jxA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 


Note 2: Power Dissipation N-Package; 1300 mW at 25°C, J-Package; 1000 mW at 25”C. 

Note 3: los+ and los~ values are for one output at a time. If more than one output is shorted simultaneously, the device dissipation may be exceeded. 
Note 4: For additional details on ESD, contact the local National Semiconductor Sales Office. 
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DS14C88 Quad CMOS Line Driver 


AC Electrical Characteristics ta = o°cto +75°c,v+ = +4.5vto i 2 v,gnd = ov, 

V~ = -4.5V to -12V, Rl = 3 kft, C[_ = 50 pF unless otherwise specified (Notes 5 and 6). 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpdl 

Propagation Delay 

V+ = +4.5V.V- = -4.5V 



6.0 

jiS 


to a Logic “1” 

V+ = +9V.V- = -9V 



5.0 

flS 



V+ = +12V.V- = -12V 



4.0 

fj,s 

tpdO 

Propagation Delay 

V+ = +4.5V.V- = -4.5V 



6.0 

flS 


to a Logic “0” 

V+ = +9V, V- = -9V 



5.0 

IXS 



V+ = +12V.V- = -12V 



4.0 

JU.S 

tr.tf 

Output Rise and Fall Time (Note 7) 


0.2 



JLlS 

tSK 

Typical Propagation Delay Skew 

V+ = 12V, V- = -12V 


400 


ns 

Sr 

Output Slew Rate 

Rl = 3 kft to 7 kn 



30 

V/jas 


(Note 7) 

15pF ^ Cl ^ 2.5nF 






Note 5: AC input waveforms for test purposes: 


tr - t( S 20 ns, V|H = 2.0V, V|l = 0.8V (0.6V at = 4.5, V" = -4.5V) 

Note 6: Input rise and fall times must not exceed 5 ns. 

Note 7: The output slew rate, rise time, and fall time are measured by measuring the time from +3.0V to -3.0V on the output waveforms. 


AC Load Circuit 



TL/F/B508-7 

Switching Time Waveforms 



TL/F/8508-8 
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DS14C88/DS14C89A 















DS14C88/DS14C89A 


DS14C89A Quad CMOS Line Receiver 
Absolute Maximum Ratings (Note i) 

If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Sales Office/ 
Distributors for availabiiity and specifications. 

Voltage at Any input Pin —30V to + 30V 

Voltage at Any Output Pin (Vcc) + 0.3V to GND - 0.3V 

Storage Temperature -65°Cto +150‘’C 

Power Dissipation 500 mW at + 75°C 

Junction Temperature +150°C 


Lead T emp. (Soldering 1 0 sec) + 260°C 

Supply Voltage +6V 

This product does not meet 2000V ESD rating. (Note 3) 

Operating Conditions 

Min Max 

Supply Voltage Vcc (GND = 0V) +4.5V +5.5V 

Temperature Range 0°C +75°C 


DC Electrical Characteristics 

Ta = 0°Cto +75°C, +4.5 ^ Vcc ^ 5.5V, GND = OV, unless otherwise specified 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vth 

Input High Threshold Voltage 


1.3 


2.7 

V 

Vtl 

Input Low Threshold Voltage 


0.5 


1.9 

V 

Vh 

Typical Input Hysteresis 



1.0 


V 

l|N 

Input Current 

V|N = +25V 

3.6 


8.3 

mA 



V|N = -25V 

-3.6 


-8.3 

mA 



V|N = +3V 

+ 0.43 


+ 1.0 

mA 



V|N = -3V 

-0.43 


-1.0 

mA 

Vqh 

Output High Voltage 

V|N = Vtl (min) 
louT = -3.2 mA 

2.8 



V 

Vql 

Output Low Voltage 

ViN = VTH(max) 
Iqut — +3.2 mA 



0.4 

V 

Icc 

Supply Current 

Rl = open 
ViN = VjH (max) 
or Vtl (min) 



+ 900 

fiA 


AC Electrical Characteristics 

Ta = 0°C to +75°C, +4.5V ^ Vcc ^ +5.5V, GND = OV, CL = 50 pF, unless Otherwise specified (Note 2) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

I 

CL 

Propagation Delay to a Logic “1” 

input puise width ^ 1 0 ju.s 



6.5 

jas 

tPHL 

Propagation Delay to a Logic “0” 

Input puise width S 10 ju,s 



6.5 

JU.S 

tSK 

Typical Propagation Delay Skew 



400 


ns 

tr 

Output Rise Time 




300 

ns 

tf 

Output Fall Time 




300 

ns 

tnw 

Pulse Width Assumed to be Noise 




1.0 

jas 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range”, 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: AC input waveform for test purposes: ^ = tf = 200 ns, Vih = +3V, V|l = -3V, f = 20 kHz. 

Note 3: For additional details on ESD, contact the local National Semiconductor Sales Office. 
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DS14C89A AC Test Circuit 

Vcc OUTPUT 


50 pF 

INCLUDING 
JIG AND PROBE 

TL/F/8508-4 

DS14C89A Timing Diagram 


ViN 
VOUT 

TL/F/8503-5 




Typical Applications for DS14C88 and DS14C89A 

RS232C Data Transmission 
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DS14C88/DS14C89A 



DS14C88/DS14C89A 


Block Diagrams 


DS14C88 
(% circuit shown) 



DS14C89A 
(V4 circuit shown) 



TL/F/8508-1 
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National 

Semiconductor 


DS1489/DS1489A Quad Line Receiver 


General Description 

The DS1489/DS1489A are quad line receivers designed to 
interface data terminal equipment with data communica- 
tions equipment. They are constructed on a single monolith- 
ic silicon chip. These devices satisfy the specifications of 
EIA Standard RS-232C. The DS1489/DS1489A meet and 
exceed the specifications of MC1489/MC1489A and are 
pin-for-pin replacements. 


Schematic and Connection Diagrams 


{'/i of unit shown) 


Features 

■ Four totally separate receivers per package 

■ Programmable threshold 

■ Built-in input threshold hysteresis 

■ “Fail safe” operating mode 

■ Inputs withstand +30V 


DuaMn-Line Package 


INPUT CONTROL OUTPUT INPUT CONTROL OUTPUT 



DS1489; Rp = 10k 
DS1489A: Rp = 2k 



AC Test Circuit and Voltage Waveforms 


TL/F/5777-2 

Top View 

Order Number DS1489J, DS1489AJ, 
DS1489M, DS1489AM, DS1489N or DS1489AN 
See NS Package Number J14A, M14A or N14A 
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DS1489/DS1489A 


Absolute Maximum Ratings (Note i) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Power Supply Voltage 1 0V 

Input Voltage Range ± 30V 

Output Load Current 20 mA 

Power Dissipation (Note 2) 1W 

Operating T emperature Range 0°C to + 75°C 

Storage T emperature Range - 65°C to + 1 50°C 

Electricai Characteristics (Notes 2, 3 and 4) 


DS1489/DS1489A: The following apply for Vcc = 5.0V ±1%, 0°C ^ Ta ^ +75°C unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vth 

Input High Threshold Voltage 

Vqut ^ 0.45V, ] 

Iqut = 10 mA 

I DS1489 

Ta = 25-C 

1.0 

1.25 

1.5 

V 


0.9 


1.6 

V 

I DS1489A 

Ta = 25°C 

1.75 

2.00 

2.25 

V 


1.55 


2.40 

V 

Vtl 

Input Low Threshold Voltage 

Vqut ^ 2.5V, 
Iqut ~ ~0.5 mA 

Ta = 25°C 

0.75 

1.00 

1.25 

V 


0.65 


1.35 

V 

l|N 

Input Current 

ViN = +25V 

-1-3.6 

-1-5.6 

+ 8.3 

mA 

V|N = -25V 

-3.6 

-5.6 

-8.3 

mA 

V|N = +3V 

-E0.43 

-f-0.53 


mA 

V|N = -3V 

-0.43 

-0.53 


mA 

VOH 

Output High Voltage 

Iqut — —0.5 mA 

V|N = 0.75V 

2.6 

3.8 

5.0 

V 

Input = Open 

2.6 

3.8 

5.0 

V 

VoL 

Output Low Voltage 

ViN = 3.0V, Iqut = 10 mA 


0.33 

0.45 

V 

isc 

Output Short Circuit Current 

V|N = 0.75V 


-3.0 


mA 

Icc 

Supply Current 

V|N = 5.0V 


14 

26 

mA 

Pd 

Power Dissipation 

V|N = 5.0V 

1 

70 

130 

mW 


Switching Characteristics vcc = sv, ta = 25«c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

fpdl 

Input to Output “High” 
Propagation Delay 

Rl = 3.9k, (Figure 1) (AC Test Circuit) 


28 

85 

ns 

tpdO 

Input to Output “Low” 
Propagation Delay 

Rl = 3900, (Figure 1) (AC Test Circuit) 


20 

50 

ns 

tr 

Output Rise Time 

Rl_ = 3.9k, (Figure 1) (AC Test Circuit) 


110 

175 

ns 

tf 

Output Fall Time 

R[_ = 3900, (Figure 1) (AC Test Circuit) 


9 

20 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +75°C temperature range for the DS1489 and DS1489A. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: These specifications apply for response control pin = open. 


Maximum Power Dissipation* at 25°C 
Cavity Package 1 308 mW 

Molded DIP Package 1207 mW 

SO Package 1 042 mW 

Lead T emperature (Soldering, 4 sec.) 260°C 

•Derate cavity package 8.7 mW/°C above 25°C; derate molded DIP package 
9.7 mW/”C above 25°C; derate SO package 8.33 mW/°C above 25°C. 
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. INPUT CURRENT (mA) 


Typical Applications 


RS-232C Data Transmission 




1/4 DS1489/ 

TTL 1/4 DS1488 


DS1489A TTL 

==r>--o>— 


1 1 1 

1 1 
T 
1 


INTERCONNECTING 

— I— 

1/4 DS1489/ 

CABLE 

J_ 

TTL DS1489A 

1 

TTL 

1 I 1 
1 1 1 

1 1 

1 

1 

( 




1/4 DS1488 

T 



INTERFACE DATA ~ 

SIGNAL GROUND 

^ MODEM 

TERMINAL EQUIPMENT - 




•Optional for noise filtering. 


TL/F/5777-5 


MOS to TTL/LS Translator 



Typical Characteristics Vcc = S.OVqc, Ta = + 25°C unless otherwise noted 



-25 -20-15-10 -5 0 5 10 15 20 25 
V|N. INPUT VOLTAGE (VOLTS) 



V|. INPUT VOLTAGE (Vdc) 


TL/F/5777-7 


TL/F/5777-8 


FIGURE 1. Input Current 


FIGURE 2. DS1489 Input Threshold 
Voltage Adjustment 




DS1489/DS1489A 


Typical Characteristics Vcc = 5.0 Vqc, Ta = + 25°C unless otherwise noted (Continued) 



V|, INPUT VOLTAGE (Vdc) 

TL/F/5777-9 

FIGURE 3. DS1489A Input Threshold 
Voltage Adjustment 


T. TEMPERATURE (©C) 

TL/F/5777-10 

FIGURE 4. Input Threshold Voltage 
vs Temperature 



Vcc. SUPPLY VOLTAGE (Vdc) 


FIGURE 5. Input Threshold vs 
Power Supply Voltage 


TL/F/5777-11 
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National 

Semiconductor 


PRELIMINARY 


DS26C31C CMOS Quad TRI-STATE® 
Differential Line Driver 


General Description 

The DS26C31 is a quad differential line driver designed for 
digital data transmission over balanced lines. The DS26C31 
meets all the requirements of EIA standard RS-422 while 
retaining the low power characteristics of CMOS. This en- 
ables the construction of serial and terminal interfaces while 
maintaining minimal power consumption. 

The DS26C31 accepts TTL or CMOS input levels and trans- 
lates these to RS-422 output levels. This part uses special 
output circuitry that enables the individual drivers to power 
down without loading down the bus. The DS26C31 also in- 
cludes special power up and down circuitry which will TRI- 
STATE the outputs during power up or down, preventing 
spurious glitches on its outputs. This device has enable and 


disable circuitry common to all four drivers. The DS26C31 is 
pin compatible to the AM26LS31 and the DS26LS31. 

All inputs are protected against damage due to electrostatic 
discharge by diodes to Vcc and ground. 

Features 

■ TTL input compatible 

■ Typical propagation delays: 8 ns 

■ Typical output skew: 0.5 ns 

■ Outputs won’t load line when Vcc = OV 

■ Meets the requirements of EIA standard RS-422 

■ Operation from single 5V supply 

■ TRI-STATE outputs for connection to system buses 

■ Low quiescent current 


Logic and Connection Diagrams 


EnOTCE enable input 0 INPUT C INPUTS INPUT A 



GND Vcc OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 

D2 01 C2 Cl B2 81 A2 A1 

TL/F/8574-2 


Truth Table 


Active High 

Active Low 

Input 

Non-Inverting 

Inverting 

Enable 

Enable 

Output 

Output 

L 

H 

X 

Z 

Z 

All other 

L 

L 

H 

combinations of 




enable inputs 

H 

H 

L 


L = Low logic slate 
H = High logic stale 
X = Irrelevant 

Z = TRI-STATE (high impedance) 


Dual-ln-Line Package 



TL/F/8574-1 

Top View 

Order Number DS26C31CJ, 
DS26C31CM or DS26C31CN 
See NS Package Number J16A, 
M16A orN16A 



For complete specifications see the Interface Databook. 
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DS26C31C 




DS26C31C 


Absolute Maximum Ratings (Notes i & 2) 

If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Sales Office/ 
Distributors for availabiiity and specifications. 

Supply Voltage (Vcc) - 0.5V to 7.0V 

DC Input Voltage (V|n) -1.5V to Vcc +1-5V 

DC Output Voltage (Vqut) ~ 0.5V to 7V 

Clamp Diode Current (I|k, Iqk) ±20 mA 

DC Output Current, per pin (Iqlit) ± 1 50 mA 

DC Vcc or GND Current, per pin (Ice) ± 1 50 mA 

Storage Temperature Range (Tstg) -65°C to + 150°C 

Power Dissipation (Pq) (Note 3) 500 mW 

Lead Temperature (TJ (Soldering, 4 sec.) 260°C 

Operating Conditions 

Min Max 

Supply Voltage (Vcc) 4.50 5.50 

DC Input or Output Voltage 
(V|N. Vout) 0 Vcc 

Operating Temperature Range (Ta) -40 -F85 

Input Rise or Fall Times (tr,tf) 500 

Units 

V 

V 

°c 

ns 

DC ElaCtriCal Charactaristics Vec = sv ±10% (unless otherwise specified) (Note 4) 



Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

High Level Input Voltage 


2.0 



V 

V|L 

Low Level Input Voltage 




0.8 

V 

VOH 

High Level Output Voltage 

V|N = ViHorViL, 
Iqut = “20 mA 

2.5 



V 

Vql 

Low Level Output 
Voltage 

V|N = V|HorV|L, 
Iqut = 20 mA 



0.5 

V 

Vt 

Differential Output 
Voltage 

Rl = looa 

(Note 5) 

2.0 



V 

|Vt 1 - Iwl 

Difference In 
Differential Output 

Rl = 100ft 
(Note 5) 



0.4 

V 

Vos 

Common Mode 
Output Voltage 

Rl = 100ft 
(Note 5) 



3.0 

B 

|Vos “ VqsI 

Difference In 
Common Mode Output 

Rl = 100ft 
(Note 5) 



0.4 

V 

l|N 

Input Current 

V|N = Vcc. GND, V|H, or V|l 



+ 1.0 

fxA 

Icc 

Quiescent Supply 
Current 

•out == 0 fi-A, 

V|N “ Vcc or GND 

V|N = 2.4V or 0.5V (Note 6) 


200 

0.8 


jliA 

mA 

loz 

TRI-STATE Output 
Leakage Current 

Vqut = Vcc or GND 
ENABLE = V|L 
ENABLE = V|H 


±0.5 

+ 5.0 

jliA 

isc 

Output Short 
Circuit Current 

V|N = Vcc or GND 
(Note 7) 

-30 


-150 

mA 

lOFF 

Output Leakage Current 

< 

o 

o 

II 

o 

< 

Vqut = 6V 



100 

fiA 


Power Off 


Vqut = -0.25V 



-100 

jaA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified, all voltages are referenced to ground. All currents into device pins are positive, all currents out of device pins are negative. 
Note 3: Power Dissipation temperature derating-plastic "N” package; - 12 mW/”C from 65°C to 85°C. 

ceramic “J” package: - 1 2 mW/”C from 1 00°C to 1 25°C. 

Note 4: Unless othenvise specified, min/max limits apply across the -40”C to 85°C temperature range. All typicals are given tor Vcc = 3^d = 25°C. 

Note 5: See EIA Specification RS-422 for exact test conditions. 

Note 6: Measured per input. All other inputs at Vcc of GND. 

Note 7: Only one output at a time should be shorted. 
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Switching Characteristics vcc = sv ±10%, tr = tf = e ns (Figures 5 and 4) (Note 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

<PLH. tpHL 

Propagation Delay 
Input to Output 

SI Open 


8 


ns 

Skew 

(Note 8) 

SI Open 


0.5 


ns 

tjLH. tjHL 

Differential Output Rise 
And Fall Times 

SI Open 


8 


ns 

tpZH 

Output Enable Time 

SI Closed 


18 


ns 

tpZL 

Output Enable Time 

SI Closed 


19 


ns 

tpHZ 

Output Disable Time 
(Note 9) 

SI Closed 


9 


ns 

tpLZ 

Output Disable Time 
(Note 9) 

SI Closed 


9 


ns 

CpD 

Power Dissipation 
Capacitance (Note 10) 



100 


pF 

C|N 

Input Capacitance 



10 


pF 


Note 8: Skew is defined as the difference in propagation delays between complementary outputs at the 50% point. 


Note 9: Output disable time is the delay from ENABLE or ENABLE being switched to the output transistors turning off. The actual disable times are less than 
indicated due to the delay added by the RC time constant of the load. 

Note 1 0: Cpo determines the no load dynamic power consumption, Pq = Cpo Vcc^ f + Ice Vcc. ao load dynamic current consumption, Is = Cpo Vcc ^ + 

Ice- 


AC Test Circuit and Switching Time Waveforms 



TL/F/8574-3 

Note: Cl = C2 = C3 = 40 pF, R1 = R2 = 50fi, R3 = 500ft, 

FIGURE 1. AC Test Circuit 



TL/F/8574-4 

FIGURE 2. Propagation Delays 



TL/F/8574-5 

FIGURE 3. Enable and Disable Times 


1-29 






















































DS26C31C 


AC Test Circuit and Switching Time Waveforms (Continued) 



OUTPUT 

(DIFFERENTIAL) 



Input pulse; f = 1 MHz, 50%; Ir = ti < 6 ns. 

TL/F/8574-7 

FIGURE 4. Differential Rise and Fall Times 


Typicai Appiications 



TL/F/8574-8 
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National 

Semiconductor 

DS26F31C/DS26F31M 

Quad High Speed Differential Line Driver 


General Description 

The DS26F31 is a quad differential line driver designed for 
digital data transmission over balanced lines. The DS26F31 
meets all the requirements of EIA Standard RS-422 and 
Federal Standard 1020. It is designed to provide unipolar 
differential drive to twisted-pair or parallel-wire transmission 
lines. 

The DS26F31 offers improved performance due to the use 
of state-of-the-art L-FAST bipolar technology. The L-FAST 
technology allows for higher speeds and lower currents by 
utilizing extremely short gate delay times. Thus, the 
DS26F31 features lower power, extended temperature 
range, and improved specifications. 

The circuit provides an enable and disable function common 
to all four drivers. The DS26F31C/DS26F31M features TRI- 
STATE® outputs and logical OR-ed complementary enable 
inputs. The inputs are all LS compatible and are all one unit 
load. 

The DS26F31C/DS26F31M offers optimum performance 
when used with the DS26F32 Quad Differential Line 
Receiver. 


Connection and Logic Diagrams 

16>Lead Dual-ln-Line Package 
and SO-16 Package 



Top View 

Order Number DS26F31CJ or DS26F31MJ 
See NS Package Number J16A* 
Order Number DS26F31CN 
See NS Package Number N16A 
Order Number DS26F31CM 
See NS Package Number M16A 

•For most current package information contact product marketing. 


Features 

■ Low power version 

■ Output skew — 2.0 ns typical 

■ Input to output delay — 12 ns 

■ Operation from single -I-5.0V supply 

■ 16-lead ceramic and molded DIP Package 

■ Outputs won’t load line when Vcc = OV 

■ Four line drivers in one package for maximum package 
density 

■ Output short circuit protection 

■ Complementary outputs 

■ Meets the requirements of EIA standard RS-422 

■ High output drive capability for lOOfi terminated 
transmission lines 

■ Extended temperature range 


INPUT INPUT INPUT INPUT 

ENABLE ENABLE D C B A 



GND Vrr D1 D2 Cl C2 B1 B2 At A2 


FIGURE 1. Logic Symbol 


Function Table (Each Driver) 


Input 

Enable 

Outputs 



Y 

z 

H 

H 

H 

L 

L 

H 

L 

H 

X 

L 

Z 

Z 


H = High Level 
L = Low Level 


X = Immaterial 
Z = High Impedance (Off) 
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DS26F31C/DS26F31M 



DS26F31C/DS26F31M 


Absolute Maximum Ratings (Notei) Operating Range 

If Military/ Aerospace specified devices are required, DS26F31C 
contact the National Semiconductor Sales Office/ Temperature 

Distributors for availability and specifications. Supply Voltage 

Storage Temperature Range DS26F31M 

Ceramic DIP -65°Cto +175°C Temperature 

Molded DIP and SO Package -65°Cto +150°C Supply Voltage 

Lead Temperature 

Ceramic DIP (Soldering, 60 sec.) 300°C 

Molded DIP and SO-16 

(Soldering, 1 0 sec.) 265°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 500 mW 

Molded Package 1 040 mW 

SO Package 960 mW 

Supply Voltage 7.0V 

Input Voltage 7.0V 

Output Voltage 5.5V 

•Derate cavity package 10 mW/“C above 25°C; derate molded DIP package 
8.3 mW/°C above 25°C; derate SO package 7.7 mW°C above 25°C. 

Electrical Characteristics over operating range, unless othenvise specified (Notes 2 & 3) 


0“C to + 70°C 
4.75V to 5.25V 


■55°Cto +125°C 
4.5V to 5.5V 


Symbol 

Parameter 

Conditions 

VOH 

Output Voltage HIGH 

Vcc ~ Min, Iqh — “20 mA 

Vql 

Output Voltage LOW 

Vcc "= Min, Iql = 20 mA 

ViH 

Input Voltage HIGH 

Vcc ~ Min 

V|L 

Input Voltage LOW 

Vcc = Max 

l|L 

Input Current LOW 

Vcc = Max, V| = 0.4V 

l|H 

Input Current HIGH 

Vcc = Max, V| = 2.7V 

l|R 

Input Reverse Current 

Vcc = Max, V| = 7.0V 

loz 

Off State (High Impedance) 

Vcc = Max Vo = 2.5V 


Output Current 

Vo = 0.5V 

V|C 

Input Clamp Voltage 

Vcc = Min, l| = - 1 8 mA 

los 

Output Short Circuit 

Vcc = Max (Note 4) 

Iccx 

Suppiy Current 

Vcc Max, All Outputs Disabled 

Icc 


Vcc Max, All Outputs Enabled 

tpLH 

Input to Output 

Vcc = 5.0V, Ta = 25'C, 
Load = Note 5 

tpHL 

Input to Output 

Vcc = 5.0V, Ta = 25 °c, 
Load = Note 5 

SKEW 

Output to Output 

Vcc = 5.0V, Ta = 25'C, 
Load = Note 5 

tLZ 

Enable to Output 

Vcc = 5.0V, Ta = 25'C, 
Cl = 10 pF 

tHZ 

j 

Enable to Output 

Vcc = 5.0V, Ta = 25'C, 
Cl = 10 pF 

tZL 

Enable to Output 

Vcc = 5.0V, Ta = 25'C, 
Load = Note 5 

tzH 

Enable to Output 

Vcc = 5.0V, Ta= 25'C, 
Load = Note 5 




-0.10 

-0.20 

0.5 

20 

0.001 

0.1 

0.5 

20 

0.5 

-20 

-0.8 

-1.5 

-60 

-150 


50 


40 

10 

15 

10 

15 

2.0 

4.5 

23 

32 

15 

25 

20 

30 

23 

32 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics” provide conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 55°C to + 1 25'C temperature range for the DS26F31 M and across the 0°C to + 70°C range 
for the DS26F31C. All typicals are given for Vcc = 5V and Ta = 25°C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4: Only one output at a time should be shorted. 

Note 5: Cl = 30 pF, V| = 1.3V to Vq = 1.3V, VpuLSE = OV to +3V (See AC Load Test Circuit for TRI-STATE Outputs). 
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Test Circuit and Timing Waveforms 


TEST 

POINT Vcc 



ENABLE DISABLE 



TL/F/9614-5 

FIGURE 4. Enable and Disable Times (Notes 2 and 3) 



FIGURE 3. Propagation Delay (Notes 1 and 3) 


Note 1: Diagram shown for Enable Low. Switches SI and S2 open. 

Note 2: SI and S2 of Load Circuit are closed except where shown. 

Note 3; Pulse Generator for all Pulses: Rate s 1.0 MHz, Zq = 50fl, V S 
6.0 ns, tf 6.0 ns. 

Note 4: Ci, includes probe and jig capacitance. 


Typical Application 



FIGURE 5. Typical Application 


TL/F/9614-6 





DS26LS31C/DS26LS31M 


National 

Semiconductor 


DS26LS31C/DS26LS31M Quad High 
Speed Differential Line Driver 


General Description 

The DS26LS31 is a quad differential line driver designed for 
digital data transmission over balanced lines. The 
DS26LS31 meets all the requirements of EIA Standard 
RS-422 and Federal Standard 1020. It is designed to pro- 
vide unipolar differential drive to twisted-pair or parallel-wire 
transmission lines. 

The circuit provides an enable and disable function common 
to all four drivers. The DS26LS31 features TRI-STATE® 
outputs and logically ANDed complementary outputs. The 
inputs are all LS compatible and are all one unit load. 

The DS26LS31. features a power up/down protection circuit 
which keeps the output in a high impedance state (TRI- 
STATE) during power up or down preventing erroneous 
glitches on the transmission lines. 


Features 

■ Output skew — 2.0 ns typical 

■ Input to output delay — 10 ns 

■ Operation from single 5V supply 

■ 16-pin hermetic and molded DIP package 

■ Outputs won’t load line when Vcc = OV 

■ Four line drivers in one package for maximum package 
density 

■ Output short-circuit protection 

■ Complementary outputs 

■ Meets the requirements of EIA Standard RS-422 

■ Pin compatible with AM26LS31 

■ Available in military and commercial temperature range 

■ Glitch free power up/down 


Logic and Connection Diagrams 


ENABLE ENABLE INPUT D 


OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 

DZ 01 C2 Cl BZ B1 AZ A1 


Dual-In-Line Package 


CHANNEL A 
OUTPUTS 3 


CHANNELS 
OUTPUTS 6 



CHANNEL 0 
OUTPUTS 


CHANNELS 
10 OUTPUTS 


Top View 

Order Number DS26LS31CJ, DS26LS31CM, 
DS26LS31CN or DS26LS31MJ 
See NS Package Number J16A, M16A or N16A 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 

contact the National Semiconductor Sales Office/ 

Distributors for availability and specifications. 

Supply Voltage 7V 

Input Voltage 7V 

Output Voltage 5.5V 

Output Voltage (Power OFF) - 0.25 to 6V 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded DIP Package 1476 mW 

SO Package 1051 mW 

•Derate cavity package 10.1 mW/“C above 25°C; derate molded DIP pack- 
age 11.9 mW/°C above 25°C; derate SO package 8.41 mW/°C above 
25°C. 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage, Vcc 

DS26LS31M 

4.5 

5.5 

V 

DS26LS31 

4.75 

5.25 

V 

Temperature, 

DS26LS31M 

-55 

+ 125 

°c 

DS26LS31 

0 

+ 70 

°c 


Electrical Characteristics (Notes 2, 3 and 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VoH 

Output High Voltage 

Iqh = -20 mA 

2.5 



V 

VoL 

Output Low Voltage 

Iql = 20 mA 



0.5 

V 

V|H 

Input High Voltage 


2.0 



V 

V|L 

Input Low Voltage 




0.8 

V 

l|L 

Input Low Current 

V|N = 0.4V 


-40 

-200 

jliA 

l|H 

Input High Current 

V|N = 2.7V 



20 

fiA 

l| 

Input Reverse Current 

V|N = 7V 



0.1 

mA 

>0 

TRI-STATE Output Current 

Vo = 2.5V 



20 

jaA 

Vo = 0.5V 



-20 

;u.A 

VcL 

Input Clamp Voltage 

I|N = —18 mA 



-1.5 

V 

isc 

Output Short-Circuit Current 


-30 


-150 

mA 

Icc 

Power Supply Current 

All Outputs Disabled 
or Active 


35 

60 

mA 


Switching Characteristics vcc = sv.ta = 25*0 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Input to Output 

Cl = 30 pF 


10 

15 

ns 

tpHL 

Input to Output 

Cl = 30 pF 


10 

15 

ns 

Skew 

Output to Output 

Cl = 30 pF 


2.0 

6.0 

ns 

tLZ 

Enable to Output 

Cl = 10 pF, S2 Open 


15 

35 

ns 

tHZ 

Enable to Output 

Cl = 10 pF, SI Open 


15 

25 

ns 

tZL 

Enable to Output 

Cl = 30 pF, S2 Open 


20 

30 

ns 

tZH 

Enable to Output 

Cl = 30 pF, SI Open 


20 

30 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125”C temperature range for the DS726LS31M and across the 0°C to +70°C 
range for the DS26LS31. All typicals are given for Vcc = 5V and T^ = 25°C. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 
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DS26LS31C/DS26LS31M 


AC Test Circuit and Switching Time Waveforms 


FROM OUTPUT/ 
UNDER TEST 


• lit 

iTcv-vXU 


Cl (INCLUDES I >75 

PROBE AND JIG S 

CAPACITANCE) I I 


Note: S1 and S2 of load circuit are closed except where shown. 

FIGURE 1. AC Test Circuit 



f = 1 MHz, tr ^ 15 ns, tf ^ 6 ns 


FIGURE 2. Propagation Delays 



f = 1 MHz, tr ^ 1 5 ns, t) S 6 ns 

FIGURE 3. Enable and Disable Times 


Typical Applications 


Two-Wire Balanced System, RS-422 



•Rj is optional although highly recommended to reduce reflection. 
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National 

Semiconductor 


PRELIMINARY 


DS26C32C Quad Differential Line Receiver 


General Description 

The DS26C32 is a quad differential line receiver designed to 
meet the RS-422, RS-423, and Federal Standards 1020 and 
1030 for balanced and unbalanced digital data transmis- 
sion, while retaining the low power characteristics of CMOS. 
The DS26C32 has an input sensitivity of 200 mV over the 
common mode input voltage range of ± 7V. Each receiver is 
also equipped with input fail-safe circuitry, which causes the 
output to go to a logic “1” state when the inputs are open. 
The DS26C32 provides an enable and disable function 
common to all four receivers, and features TRI-STATE® 
outputs with 6 mA source and sink capability. This product is 
pin compatible with the DS26LS32A and the AM26LS32. 


Features 

■ Low power CMOS design 

■ ±0.2V sensitivity over the entire common mode range 

■ Typical propagation delays: 20 ns 

■ Typical input hysteresis: 50 mV 

■ Input fail-safe circuitry 

■ Inputs won’t load line when Vcc = OV 

■ Meets the requirements of EIA standard RS-422 

■ TRI-STATE outputs for connection to system buses 


Logic Diagram 


ENABLE ENABLE IN 02 IN 01 IN C2 IN Cl IN B2 IN B1 IN A2 IN A1 



GNO Vcc OUTPUT 0 OUTPUT C OUTPUT B OUTPUT A 

TL/F/8764-1 



Order Number DS26C32CJ, DS26C32CM, 
DS26C32CN, DS26C32MJ or DS26C32MN 
See NS Package J16A, M16A or N16A 


Truth Table 



Hi-Z = TRI-STATE 

Note: Input conditions may be any combination not defined for ENABLE and 
ENABLE. 


For complete specifications 
see the Interface Databook. 



1-37 


DS26C32C 


















DS26C32C 


Absolute Maximum Ratings (Notes i & 2) Operating Conditions 

If Military/Aerospace specified devices are required, Min Max Units 

contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4 75 5 25 V 

Distributors (or availability and specifications. Operating Temperature Range (Ta) -40 +85 -C 

Supply Voltage (Vcc) 7V Enable Input Rise or Fall Times 500 ns 

Common Mode Range (Vcm) ± 1 4V 

Differential Input Voltage (Vqiff) ± 1 4V 

Enable Input Voltage (V|n) 7V 

Storage T emperature Range (T stg) ~ SS'C to + 1 SO^C 

Lead T emperature (Soldering 4 sec.) 260°C 

Maximum Current Per Output ± 25 mA 

DC ElOCtriCSl Chsrsctoristics Vcc = 5V ±5% (unless othenvise specified) (Note 3) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vth 

Minimum Differential 
Input Voltage 

Vqut = VoH or VoL 
-7V < Vcm < +7V 

-0.2 


+ 0.2 

V 

Rin 

Input Resistance 

-7V < Vcm < +7V 
(One Input AC GND) 


10 


kn 

l|N 

Input Current 
(Under Test) 

V|N = + 10V, Other Input = GND 


-1.1 


mA 

V|N = -10V, Other Input = GND 


-H.6 


mA 

Vqh 

Minimum High Level 
Output Voltage 

Vcc = Min, Vqiff = + 1 V 
Iqut ~ —6.0 mA 

3.84 

4.2 


V 

Vql 

Maximum Low Level 
Output Voltage 

Vcc = Max, Vdiff = + IV 
Iqut “ 5-0 


0.2 

0.33 

V 

V|H 

Minimum Enable High 
Input Level Voltage 


2.0 



V 

V|L 

Maximum Enable Low 
Input Level Voltage 




0.8 

V 

Iqz 

Maximum TRI-STATE 
Output Leakage Current 

Vqut = Vcc or GND, 
ENABLE = V|L, 
ENABLE = V|H 


±0.5 

±5.0 

fiA 

ii 

Maximum Enable Input 
Current 

V|M = Vcc or GND 



±1.0 

fiA 

Icc 

Ouiescent Power 
Supply Current 

Vcc = Max, 
Vdiff = +1V 


12 


mA 

Vhyst 

Input Hysteresis 



50 


mV 

AC Eiectrical Characteristics vcc = sv ±5% (Note 3) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH, 

tpHL 

Propagation Delay 
Input to Output 

Cl = 50 pF 
Vdiff = 2.5V 


20 


ns 

tPLZ, 

tpHZ 

Propagation Delay 
ENABLE to Output 

Cl = 50 pF 

Rl = looofi 
Vdiff = 2.5V 


12 


ns 


Propagation Delay 
ENABLE to Output 

Cl = 50 pF 

Rl = loooa 
Vdiff = 2.5V 


14 


ns 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified, all voltages are referenced to ground. 

Note 3: Unless otherwise specified, Min/Max limits apply across the -40”C to +85°C temperature range. All typicals are given for Vcc = 5V and Ta = 25°C. 
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Test and Switching Waveforms 


V- INPUT 

V+ = OV INPUT 


Propagation Delay 



Test Circuit for TRI-STATE 
Output Tests 


V+ INPUT O— 

DEVICE 

V- INPUTO— UNDER 
TEST 


Cl includes load and test jig capacitance. 

SI = Vcc for tpzL. and tpLz measurements. 
St = Gnd for tpzn and tpHZ measurements. 


OUTPUT 
CONTROL 
(LOW ENABLING) 


TRI-STATE Output Enable and Disable Waveforms 
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DS26C32C 



DS26F32C/DS26F32M 



National 

Semiconductor 


DS26F32C/DS26F32M 
Quad Differential Line Receiver 


General Description 

The DS26F32 is a quad differential line receiver designed to 
meet the requirements of EIA Standards RS-422 and RS- 
423, and Federal Standards 1020 and 1030 for balanced 
and unbalanced digital data transmission. 

The DS26F32 offers improved performance due to the use 
of state-of-the-art L-FAST bipolar technology. The L-FAST 
technology allows for higher speeds and lower currents by 
utilizing extremely short gate delay times. Thus, the 
DS26F32 features lower power, extended temperature 
range, and improved specifications. 

The device features an input sensitivity of 200 mV over the 
input range of ±7.0V. The DS26F32 provides an enable 
function common to all four receivers and TRI-STATE® out- 
puts with 8.0 mA sink capability. Also, a fail-safe input/out- 
put relationship keeps the outputs high when the inputs are 
open. 

The DS26F32 offers optimum performance when used with 
the DS26F31 Quad Differential Line Driver. 


Features 

■ Low power version 

■ Input voltage range of ±7.0V (differential or common 
mode) + 0.2V sensitivity over the input voltage range 

■ Meets all the requirements of EIA standards RS-422 
and RS-423 

■ Input impedance (18k typical) 

■ 30 mV input hysteresis 

■ Operation from single +5.0V supply 

■ Fail-safe input/output relationship. Output always high 
when inputs are open 

■ TRI-STATE drive, with choice of complementary output 
enables, for receiving directly onto a data bus 

■ Propagation delay 1 5 ns typical 

■ Advanced low power Schottky processing 

■ Extended temperature range 


Connection Diagram 


16-Lead DIP and SO-16 Package 



Function Tabie (Each Receiver) 


Differential Inputs 

Enables 

Outputs 

A-B 

E 

E 

V 

V|D S 0.2V 

H 

X 

H 


X 

L 

H 

V|D ^ -0.2V 

H 

X 

L 


X 

L 

L 

X 

L 

H 

Z 


H = High Level 
L = Low Level 
X = Immaterial 


Order Number DS26F32CJ or DS26F32MJ 
See NS Package Number* J16A 

Order Number DS26F32CM 
See NS Package Number M16A 

Order Number DS26F32CN 
See NS Package Number N16A 

*For most current package information contact product marketing. 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Storage Temperature Range 
CeramicDIP -65°Cto + 175°C 

Molded DIP and SO-1 6 - eS'C to + 1 50°C 

Operating Temperature Range 
DS26F32M - SS’C to + 1 25°C 

DS26F32C 0“Cto+70°C 

Lead Temperature 

Ceramic DIP (soldering, 60 sec) 300°C 

Molded DIP and SO-1 6 

(soldering, 10 sec) 265°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 500 mW 

Molded Package 1 040 mW 

SO Package 960 mW 

•Derate cavity package 10 mW/”C above 25°C; derate molded DIP package 
0.3 mW/°C above 25°C; derate SO package 7.7 mW°C above 25°C. 


Supply Voltage 

7.0V 

Common Mode Voltage Range 

±25V 

Differential Input Voltage 

±25V 

Enable Voltage 

7.0V 

Output Sink Current 

50 mA 

Operating Range 


DS26F32C 


Temperature 

0“C to -H 70°C 

Supply Voltage 

4.75V to 5.25V 

DS26F32M 


Temperature 

-55°Cto +125°C 

Supply Voltage 

4.5V to 5.5V 


Electrical Characteristics Over operating range, unless otherwise specified (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vth 

Differential Input Voltage 

-7.0V ^ VcM ^ +7.0V, 
Vq = Vql or Vqh 

-0.2 

±0.06 

±0.2 

V 

Ri 

Input Resistance 

— 15V 5 Vcivi ^ -M5V, 
One Input AC Ground 

14 

18 


kfl 

ii 

Input Current (under Test) 

V| = +15V, 

Other Input -15V ^ V| ^ -M5V 



2.3 

mA 

V| = -15V, 

Other Input - 1 5V ^ V| ^ -M 5V 



-2.8 

VOH 

Output Voltage HIGH 

Vcc ~ Min, 
AV| = -M.OV, 

O’Cto +70°C 

2.8 

3.4 


V 

Venable = 0.8V, 
lOH = -440 juA 

-55°C to +125“C 

2.5 

3.4 


VoL 

Output Voltage LOW 

Vcc — Min, 

AV| = -1.0V, 
Venable = 0.8V 

loL = 4.0 mA 



0.4 

V 

Iql = 8.0 mA 



0.45 

V|L 

Enable Voltage LOW 




0.8 

V 

V|H 

Enable Voltage HIGH 


2.0 



V 

V|C 

Enable Clamp Voltage 

Vcc Min, l| = -18 mA 



-1.5 

V 

Iqz 

Off State (High Impedance) 
Output Current 

Vcc = Max 

Vo = 2.4V 



20 

jaA 

Vo = 0.4V 



-20 

l|L 

Enable Current LOW 

V| = 0.4V 


-0.2 

-0.36 

mA 

l|H 

Enable Current HIGH 

V| = 2.7V 


0.5 

10 

fxA 

l| 

Enable Input High Current 

V| = 5.5V 


1.0 

50 

jaA 

■os 

Output Short Circuit Current 

Vo = OV, Vcc = Max, (Note 4) 
AV| = +1.0V 

-15 

-50 

-85 

mA 

Icc 

Supply Current 

Vcc = Max, All Vi = GND, 
Outputs Disabled 


30 

50 

mA 

Vhyst 

Input Hysteresis 

Ta = 25“C, Vcc = 5.0V, VcM = OV 


30 


mV 
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DS26F32C/DS26F32M 



































































































DS26F32C/DS26F32M 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics" provide conditions for actuai device operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 55°C to + 1 25°C temperature range for the DS26F32M and across the 0°C to + 70°C range 
for the DS26F32C. All typicals are given tor Vcc = 5V and Ta = 25°C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise 
specified. 

Note 4: Only one output at a time should be shorted. 


Switching Characteristics 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Input to Output 

Ta = 25°C. Vcc = 5.0V, 

Cl = 1 5 pF, See Test Circuit (Figure 2) 


15 

22 

ns 

tpHL 

Input to Output 

Ta = 25“C, Vcc = 5.0V. 

Cl = 1 5 pF, See Test Circuit (Figure 2) 


15 

22 

ns 

tLZ 

Enable to Output 

Ta = 25°C, Vcc = 5.0V. 

Cl = 1 5 pF, See Test Circuit (Figure 2) 


14 

18 

ns 

tHZ 

Enable to Output 

Ta = 25°C. Vcc = 5.0V. 

Cl = 1 5 pF, See Test Circuit (Figure 2) 


15 

20 

ns 

tZL 

Enable to Output 

Ta = 25°C. Vcc = 5.0V, 

Cl = 1 5 pF, See Test Circuit (Figure 2) 


13 

18 

ns 

tZH 

Enable to Output 

Ta = 25“C, Vcc = 5.0V. 

Cl = 1 5 pF, See Test Circuit (Figure 2) 


12 

16 

ns 


INPUTS 


ENABLE ENABLE ''^~D2 01 C2 Cl B2 B? 


A2 A1 



FIGURE 1. Logic Symbol 


TL/F/9615-2 


TEST 

POINT Vcc 




OPPOSITE 

PHASE 

INPUT 

TRANSITION 



+2.5V 

-2.5V 


TL/F/9615-4 


FIGURE 3. Propagation Delay (Notes 1, 2 and 3) 
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— 

»ZL 


S2^ 

OPEN 


hzH 


SI 

OPEN 1 


OUTPUT 

NORMALLY 

LOW 

OUTPUT 

NORMALLY 

HIGH 


TL/F/9615-5 

FIGURE 4. Enable and Disable Times (Notes 1, 2 and 3) 


Nota 1: Diagram shown for ENABLE Low. 

Note 2: S1 and S2 of Load Circuit are closed except where shown. 

Note 3: Pulse Generator of all Pulses: Rate s 1.0 MHz, Zq = 50n, tr ^ 
6.0 ns, tf ^ 6.0 ns. 

Nota 4: All diodes are IN916 or IN3064. 

Note 5: C). includes probe and jig capacitance. 


Typical Application 

1/4 DS26F31 


1/4 DS26F32 



SHIELD OR COMMON GROUND RETURN 

FIGURE 5 
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DS26LS32C/DS26LS32M/DS26LS32AC/DS26LS33C/DS26LS33M/DS26LS33AC 


National 

Semiconductor 


DS26LS32C/DS26LS32M/DS26LS32AC/DS26LS33C/ 
DS26LS33M/DS26LS33AC Quad Differential Line 
Receivers 


General Description 

The DS26LS32 and DS26LS32A are quad differential line 
receivers designed to meet the RS-422, RS-423 and Feder- 
al Standards 1020 and 1030 for balanced and unbalanced 
digital data transmission. 

The DS26LS32 and DS26LS32A have an input sensitivity of 
200 mV over the input voltage range of ±7V and the 
DS26LS33 and DS26LS33A have an input sensitivity of 
500 mV over the input voltage range of ±15%V. 

Both the DS26LS32A and DS26LS33A differ in function 
from the popular DS26LS32 and DS26LS33 in that input 
fail-safe circuitry is provided for each receiver, which causes 
the outputs to go to a logic "1” state when the inputs are 
open. 

Each version provides an enable and disable function com- 
mon to all four receivers and features TRI-STATE® outputs 
with 8 mA sink capability. Constructed using low power 
Schottky processing, these devices are available over the 
full military and commerical operating temperature ranges. 


Features 

■ High differential or common-mode input voltage ranges 
of ±7V on the DS26LS32 and DS26LS32A and ±15V 
on the DS26LS33 and DS26LS33A 

■ ±0.2V sensitivity over the input voltage range on the 
DS26LS32 and DS26LS32A, ±0.5V sensitivity on the 
DS26LS33 and DS26LS33A 

■ Input fail-safe circuitry on the DS26LS32A and 
DS26LS33A 

■ DS26LS32 and DS26LS32A meet all requirements of 
RS-422 and RS-423 

■ 6k minimum input impedance 

■ 100 mV input hysteresis on the DS26LS32 and 
DS26LS32A, 200 mV on the DS26LS33 and 
DS26LS33A 

■ Operation from a single 5V supply 

■ TRI-STATE drive, with choice of complementary output 
enables for receiving directly onto a data bus 

■ Pin replacement for Advanced Micro Devices 
AM26LS32 


Logic Diagram 


CNA6LC ENABLE IN 02 IN 01 IN C2 IN Cl IN B2 IN B1 IN A2 IN A1 



GNO Vcc OUTPUT 0 OUTPUT C OUTPUT B OUTPUT A 

TL/F/5255-1 


Connection Diagram 


Dual-ln-Line Package 



TL/F/5255-2 

Top View 


Truth Tabie 


ENABLE ENABLE 

Input 

Output 

1 1 

X 

Hi-Z 


V|D ^ VjH (Max) 

1 

Note Below 

V|D ^ Vth (Min) 

0 


Open 

1* 


Hl-Z = TRI-STATE 
•DS26LS32A and DS26LS33A only 

Note: Input conditions may be any combination not defined for ENABLE 
and ENABLE. 

Order Number DS26LS32MJ, DS26LS32CJ, 
DS26LS32CM, DS26LS32CN, DS26LS32ACJ, 
DS26LS32ACN, DS26LS32ACM, DS26LS33MJ, 
DS26LS33CJ, DS26LS33CN, DS26LS33ACJ 
or DS26LS33ACN 

See NS Package Number J16A, M16A or N16A 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage 7V 

Common-Mode Range ±25V 

Differential Input Voltage ± 25V 

Enable Voltage 7V 

Output Sink Current 50 mA 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 433 mW 

Molded Dip Package 1 362 mW 

SO Package DS26LS32 1 002 mW 

DS26LS232A 1051 mW 


•Derate cavity package 9,6 mW/”C above 25°C; derate molded DIP package 
10.9 mW/"C above 25”C. 

Derate SO Package 8.01 mW/”C for DS26LS32 
8.41 mW/"C for DS26LS32A 


Storage Temperature Range 

- 

•65°Cto ±165°C 

Lead Temperature (Soldering, 4 seconds) 


260“C 

Operating Conditions 

Min 

Max 

Units 

Supply Voltage, (Vcc) 
DS26LS32M, DS26LS33M 

4.5 

5.5 

V 

(MIL) 

DS26LS32C, DS26LS33C 

4.75 

5.25 

V 

DS26LS32AC, DS26LS33AC 
(COML) 

Temperature, (Ta) 

DS26LS32M, DS26LS33M 

-55 

+ 125 

*c 

(MIL) 

DS26LS32C, DS26LS33C 

0 

+ 70 

'C 


DS26LS32AC, DS26LS33AC 
(COML) 


Electrical Characteristics over the operating temperature range unless otherwise specified (Notes 2, 3 and 4) 


Symbol 


Parameter 


Conditions 


Min Typ 


Max 


Units 


Vth 


Differential Input 
Voltage 


VoUT = VoH 
orVoL 


DS26LS32, DS26LS32A, -7V ^ Vcm ^ +7V 


- 0.2 


±0.07 


0.2 


DS26LS33, DS26LS33A, -15V Vcm + 15V 


-0.5 


±0.14 


0.5 


R|N 


Input Resistance 


- 1 5V ^ Vcm ^ + 1 5V (One Input AC GND) 


6.0 


8.5 


kfl 


l|N 


Input Current (Under 
Test) 


V|N = 1 5V, Other Input - 1 5V ^ V|n ^ + 1 5V 


V|N = - 1 5V, Other Input - 1 5V ^ V|n ^ + 1 5V 


2.3 


- 2.8 


mA 


mA 


VoH 


Output High Voltage 


Vcc = MIN, AV|n = IV, 

Venable = 0-8V, Iqh = -440 ixA 


Commercial 


2.7 


4.2 


Military 


2.5 


4.2 


VoL 


Output Low Voltage 


Vcc — Min, AV||\| = —IV, 
Venable = 0.8V 


Iql = 4 mA 


Iql = 8 mA 


0.4 


0.45 


V|L 

V|H 


Enable Low Voltage 


0.8 


Enable High Voltage 


2.0 


Enable Clamp 
Voltage 


Vcc = Min, l|N = -18 mA 


-1.5 


OFF-State (High 
Impedance) Output 
Current 


Vcc = Max 


Vo = 2.4V 


Vo = 0.4V 


20 


-20 


fi,A 


JU.A 


Jlk_ 

l|H 


Enable Low Current 


V|N = 0.4V 


-0.36 


mA 


Enable High Current 


V|N = 2.7V 


20 


juA 


•sc 

•cc 


Output Short-Circuit 
Current 


Vo = OV, Vcc = Max, AV|n = IV 


-15 


-85 


mA 


Power Supply 
Current 


Vcc = Max, All V|N = GND, 
Outputs Disabled 


DS26LS32, DS26LS32A 


52 


DS26LS33, DS26LS33A 


57 


70 


80 


mA 


mA 


Input High Current 


V|N = 5.5V 


100 


JU.A 


Vhyst 


Input Hysteresis 


Ta = 25*C, Vcc = 5V, 
Vcm = OV 


DS26LS32, DS26S32A 


100 


DS26LS33, DS26LS33A 


200 


mV 


mV 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: All currents into device pins are shown as positive, all currents out of device pins are shown as negative, all voltages are referenced to 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 3: All typical values are Vcc = 5V, Ta = 25”C. 

Note 4: Only one output at a time should be shorted. 


that the 
ground. 


device 

unless 
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DS26LS32C/DS26LS32M/DS26LS32AC/DS26LS33C/DS26LS33M/DS26LS33AC 


Switching Characteristics vcc = sv.ta = 25»c 


DS26LS32/DS26LS33 


Symbol 

Parameter 

Conditions 

tpLH 

tpHL 

Input to Output 

Cl = 15 pF 

tLZ 

tHZ 

ENABLE to Output 

Cl = 5 pF 

tZL 

tZH 

ENABLE to Output 

Cl = 15 pF 


DS26LS32A/DS26LS33A 



AC Test Circuit and Switching Time Waveforms 

Load Test Circuit for TRI-STATE Outputs 


Cl includes 

PROBE AND JIG 
CAPACITANCE 


tTo— vX-5* 



Propagation Delay (Notes 1 and 3) 

VOH > V 


TL/F/5255-3 

Enable and Disable Times (Notes 2 and 3) 



Note 1: Diagram shown for ENABLE low. 

Note 2: S1 and S2 of load circuit are closed 
except where shown. 

Note 3: Pulse generator for all pulses: Rate ^ 1.0 
MHz; Zq = son; tf ^ 15 ns; tf ^ 6.0 ns. 

Typical Applications 


DATA O— 
1/4 DS26LS31 




Two-Wire Balanced Systems, RS-422 

I I 



Single Wire with Common Ground Unbalanced Systems, RS-423 

|s,1/4 DS3691 I I 


GROUND RETURN COMMON 
'TO SEVERAL SIGNAL WIRES 
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National 

Semiconductor 


PRELIMINARY 


DS34C86 Quad CMOS Differential Line Receiver 


General Description 

The DS34C86 is a quad differential line receiver designed to 
meet the RS-422, RS-423, and Federal Standards 1020 and 
1030 for balanced and unbalanced digital data transmis- 
sion, while retaining the low power characteristics of CMOS. 
The DS34C86 has an input sensitivity of 200 mV over the 
common mode input voltage range of ±7V. Hysteresis is 
provided to improve noise margin and discourage output 
instability for slowly changing input waveforms. 

Separate enable pins allow independent control of receiver 
pairs. The TRI-STATE® outputs have 6 mA source and sink 
capability. The DS34C86 is pin compatible with the DS3486. 


Features 

■ Low power CMOS design 

■ ±0.2V sensitivity over the entire common mode range 

■ Typical propagation delays: 20 ns 

■ Typical input hysteresis: 50 mV 

■ Inputs won’t load line when Vcc = OV 

■ Meets the requirements of EIA standard RS-422 

■ TRI-STATE outputs for connection to system buses 
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DS34C86 




DS34C86 


Absolute Maximum Ratings (Notes i & 2) Operating Conditions 

If Military/Aerospace specified devices are required, Min Max Unit 

contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4-75 5-25 V 

Distributors for availability and specifications. Operating Temperature Range (Ta) -40 + 85 °C 

Supply Voltage (Vcc) 7V Enable Input Rise or Fall Times 500 ns 

Common Mode Range (Vcm) ± 14V 

Differential Input Voltage (Vqiff) ± 14V 

Enable Input Voltage (V|n) 7V 

Storage Temperature Range (Tstg) -65°C to + 150°C 

Lead T emperature (Soldering 1 0 sec) 260°C 

Current Per Output ± 25 mA 

DC ElGCtriCSl ChSrSCtCriStiCS Vcc = sv ±5% (unless otherwise specified) (Notes) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vth 

Minimum Differential 
Input Voltage 

Vqut = Vqh or Vql 

-7V < Vcm < +7V 

-0.2 


+ 0.2 

V 

Rin 

Input Resistance 

-7V < Vcm < +7V 
(One Input AC GND) 


10 


kft 

l|N 

Input Current 
(Under Test) 

V|N = -MOV, Other Input = GND 
V|N = —10V, Other Input = GND 


■f 1.1 
-1.6 


< < 
E E 

Vqh 

Minimum High Level 
Output Voltage 

Vcc "" Mio-. V(DiFF) = -MV 
Iqut — —6.0 mA 

3.84 

4.2 


V 

Vql 

Maximum Low Level 
Output Voltage 

Vcc = Max., V(DiFF) = + 1 V 
Iqut — 6.0 mA 


0.2 

0.33 

V 

V|H 

Minimum Enable High 
Input Level Voltage 


2.0 



V 

V|L 

Maximum Enable Low 
Input Level Voltage 




0.8 

V 

•oz 

Maximum TRI-STATE 
Output Leakage Current 

Vqut = Vcc or GND, 
TRI-STATE Control = V|l 


±0.5 

±5.0 

fiA 

ll 

Maximum Enable Input 
Current 

V|N — Vcc or GND 



±1.0 

JU.A 

Icc 

Quiescent Power 
Supply Current 

Vcc — Max., V(DiFF) = -MV 


12 


mA 

Vhyst 

Input Hysteresis 



50 


mV 

AC ElGCtriCSl Chsractoristics Vcc = 5V +5% (unless otherwise specified) (Notes) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH. 

tpHL 

Propagation Delay 
Input to Output 

Cl = 50 pF 
VdiFF = 2.5V 


20 


ns 

tpLZ, 

tpHZ 

Propagation Delay 
TRI-STATE Control 
to Output 

Cl = 50 pF 
Rl = 1000ft 
VpiFF = 2.5V 


12 


ns 


Propagation Delay 
TRI-STATE Control 
to Output 

Cl = 50 pF 
Rl = 1000ft 
VpiFF = 2.5V 


14 


ns 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless othenvise specified, all voltages are referenced to ground. 

Note 3: Unless othenvise specified, Min/Max limits apply across the -40”C to +B5'C temperature range. 
All typicals are given for Vcc = 5V and = 25°C. 
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TL/F/8699-4 

Cl Includes load and test jig capacitance. 

SI = Vcc for tp2L. and tpLz measurements. 

SI = GND for tpzH. and tpHz measurements. 





DS35F86/DS34F86 



National 

Semiconductor 


DS35F86/DS34F86 
RS-422/RS-423 Quad Line Receiver 
with TRI-STATE® Outputs 

General Description 


The DS34F86/DS35F86 RS-422/3 Quad Receiver features 
four independent receivers, which compiy with EIA Stan- 
dards for the electricai characteristics of baianced/unbal- 
anced voltage digital interface circuits. Receiver outputs are 
74LS compatible TRI-STATE structures which are forced to 
a high impedance state when the appropriate output control 
lead reaches a logic zero condition. A PNP device buffers 
each output control lead to assure minimum loading for ei- 
ther logic one or logic zero inputs. In addition each receiver 
chain has internal hysteresis circuitry to improve noise mar- 
gin and discourage output instability for slowly changing in- 
put waveforms. 

The DS34F86/DS35F86 offers improved performance due 
to the use of state-of-the-art L-FAST bipolar technology. 
The L-FAST technology allows for higher speeds and lower 
currents by utilizing extremely short gate delay times. Thus, 
the DS34F86/DS35F86 features lower power, extended 
temperature range, and improved specifications. 


The DS34F86/DS35F86 offers optimum performance when 
used with the DS34F87/DS35F87 Quad Line Driver. 

Features 

■ Low power version 

■ Four independent receiver chains 

■ TRI-STATE outputs 

■ High impedance output control inputs 

■ Fast propagation times 15 ns typical 

■ TTL compatible 

■ Single 5.0V supply voltage 

■ Output rise and fall times less than 20 ns 

■ Lead compatible and interchangeable with MC3486 and 
DS3486 

■ Extended temperature range 


Connection Diagram 


16-Lead DIP and SO-16 Package 



DIFFERENTIAL 

INPUTS 


TRI- STATE 
CONTROL INPUT 


OUTPUT 



FIGURE 1. Block Diagram 


Order Number DS34F86J or DS35F86J 
See NS Package Number J16A* 

Order Number DS34F86M 
See NS Package Number M16A 

Order Number DS34F86N 
See NS Package Number N16A 

•For most ourrent paokage information contaot product marketing. 

H = High Level 
L = Low Level 
Z = High Impedance (off) 


Function Table (Each Receiver) 


Differential Inputs 

Enable 

Output 

AB 

E 

Y 

V|D ^ 0.2V 

H 

H 

V|D ^ -0.2V 

H 

L 

X 

L 

Z 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Storage Temperature Range 
Ceramic DIP -65°Cto +175°C 

Molded DIP and SO-1 6 -65°C to + 150-0 

Operating Temperature Range 
DS35F86 - 55°C to + 1 25°C 

DS34F86 0-Cto+70°C 

Lead Temperature 

Ceramic DIP (soldering, 60 seconds) 300°C 

Molded DIP and SO-1 6 (soldering. 1 0 seconds) 265°C 


Maximum Power Dissipation* at 25°C 
Cavity Package 1 500 mW 

Molded Package 1 040 mW 

SO Package 960 mW 


Supply Voltage 


8.0V 


Input Voltage 8.0V 

Input Common Mode Voltage ± 1 5V 

Input Differential Voltage ± 25V 

’Derate cavity package 10 mW/°C above 25”C; derate molded DIP package 
8.3 mW/°C above 25“C; derate SO package 7.7 mW°C above 25°C. 


Operating Conditions 

DS34F86 
Temperature 
Supply Voltage 
DS35F86 
Temperature 
Supply Voltage 

Input Common Mode Voltage Range 
Input Differential Voltage Range 


0°Cto -l-70°C 
4.75V to 5.25V 

-55°Cto +125°C 
4.5V to 5.5V 
-7.0V to +7.0V 
6V 


Electrical Characteristics over operating range, unless othenvise specified (Notes 2 & 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input Voltage HIGH 


2 



V 

V|L 

Input Voltage LOW 




0.8 

V 

VtH(D) 

Differential Input Threshold 
Voltage (Note 6) 

-7V ^ V|c ^ 7V. 

V|H = 2V I 

X 

o 

> 

II 



0.2 

V 

< 

o 

II 

< 

o 

r- 

-0.2 



l|B 

Input Bias Current 

Vcc = OV or 5.25V, 
Other inputs at OV 

V| = -10V 



-3.25 

mA 

< 

II 

1 

CO 

< 



-1.50 

V| = -f 3V 



-M.50 

V| = -MOV 



-F3.25 

VOH 

Output Voltage HIGH 
(Note 5) 

-7V^Vcm^7V 
V|H = 2V, 

Iq = -0.4 mA, 
V|D = 0.4V 

0°C to + 70-C 

2.8 



V 

- 55'C to -1- 125-0 

2.5 



VoL 

Output Voltage LOW 

-7V ^ VcM ^ 7V. 

ViH = 2V I 

lo = 8 mA, 
V|D = 0.4V 



0.5 

V 

loz 

Off State (High Impedance) 
Output Current 

Vi(D) = +3V.V|l = 0.8V, 
Vo = 0.5V 



-10 

jaA 

V|(D) = -3V,V|l = 0.8V. 
Vo = 2.7V 



10 

>OS 

Output Short Circuit 
Current (Note 4) 

V|(D)= +3V.V|h = 2V, 
Vo = OV 

-15 


-100 

mA 

l|L 

Input Current LOW 
(TRI-STATE Control) 

V|L = 0.5V 



-100 

p,A 

l|H 

Input Current HIGH 
(TRI-STATE Control) 


V,H = 2.7V 



20 

JU.A 

V|H = 5.25V 



40 

V|C 

Input Clamp Diode Voltage 
(TRI-STATE Control) 

I|C = -10 mA 


■ 

-1.5 

V 

Icc 

Supply Current 

> 

o 

II 

> 



50 

mA 
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DS35F86/DS34F86 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics” provide conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to + 125“C temperature range for the DS35F86 and across the 0“C to +70°C range for 
the DS34F86. All typicals are given for Vcc = 5V and Ta = 25“C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise 
specified. 

Note 4: Only one output at a time should be shorted. 

Note 5: Refer to EIA RS-422/3 for exact conditions. Input balance and Voh/Vql levels are tested simultaneously for worse case. 

Note 6: Differential input threshold voltage and guaranteed output levels are tested simultaneously for worse case. 


Switching Characteristics vcc = sv.ta = 25 c (Figures 2 & 3 ) 


Symbol 

Parameter 

Conditions 

tpHL(D) 

Propagation Delay Time 

Output HIGH to LOW 

tPLH(D) 

Differential Inputs 
to Outputs 

Output LOW to HIGH 

tLZ 

Propagation Delay Time 

Output LOW to TRI-STATE 

tHZ 

Controls to Outputs 

Output HIGH to TRI-STATE 

tZH 


Output TRI-STATE to HIGH 

tZL 


Output TRI-STATE to LOW 


Typ 

(Note 1) 

Max 

Units 

15 

22 

ns 

15 

22 

ns 

14 

18 

ns 

15 

20 

ns 

12 

16 

ns 

13 

18 

ns 


Parameter Measurement Information 



FIGURE 2. Propagation Delay Differential Input to Output 
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Parameter Measurement Information (Continued) 


TO SCOPE TO SCOPE 



TL/F/9616-5 

FIGURE 3. Propagation Delay TRI-STATE Control Input to Output 





1.5V 


/ 


3.0V 


— OV 

SW1 CLOSED 
SW2 OPEN 


OUT 



«5.0V-Vb£ 

•VoL 

OV 


TL/F/9616-7 

FIGURE 3b 


Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz. 50% duty cycle, tyLH = *thl = 6.0 ns (10% to 90%), 
Zo = 50n. 

Note 2: C|_ includes probe and jig capacitance. 

Note 3: All diodes are IN916 or equivalent. 




DS3486 



National 

Semiconductor 


DS3486 Quad RS-422, RS-423 Line Receiver 


General Description 

National’s quad RS-422, RS-423 receiver features four in- 
dependent receiver chains which comply with EIA Stan- 
dards for the electrical characteristics of balanced/unbal- 
anced voltage digital interface circuits. Receiver outputs are 
74LS compatible, TRI-STATE® structures which are forced 
to a high impedance state when the appropriate output con- 
trol pin reaches a logic zero condition. A PNP device buffers 
each output control pin to assure minimum loading for either 
logic one or logic zero inputs, in addition, each receiver 
chain has internal hysteresis circuitry to improve noise mar- 
gin and discourage output instabiiity for slowly changing in- 
put waveforms. 


Features 

■ Four independent receiver chains 

■ TRI-STATE outputs 

■ High impedance output control inputs (PIA compatible) 

■ Internal hysteresis - 1 40 mV (typ) 

■ Fast propagation times -18 ns (typ) 

■ TTL compatible 

■ Single 5V supply voltage 

■ Pin compatible and interchangeable with MC3486 


Block and Connection Diagrams 



Dual-ln-Line Package 


TRI-STATE ^ 
CONTROL A/C 
5 



12 TRI-STATE 
“control B/D 
11 


Top View 

Order Number DS3486J, DS3486M or DS3486N 
See NS Package Number J16A, M16A or N16A 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Power Supply Voltage, Vcc 8V 

Input Common-Mode Voltage, V|cm ± 25V 

Input Differential Voltage, V|q ± 25V 

TRI-STATE Control Input Voltage, V| 8V 

Output Sink Current, Iq 50 mA 

Storage Temperature, Tstg -65°Cto -M50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1433mW 

Molded Dip Package 1 362 mW 

SO Package 1002 mW 

'Derate cavity package 9,6 mW/'C above 25'C; derate Dip molded package 
10.2 mW/'C above 25°C. Derate SO package 8.01 mW/°C above 25”C. 


Operating Conditions 



Min 

Max 

Power Supply Voltage, Vcc 

4.75 

5.25 

Operating Temperature, T^ 

0 

70 

Input Common-Mode Voltage 

-7.0 

7.0 


Range, V|cr 


Electrical Characteristics 

(Unless othenvise noted, minimum and maximum limits apply over recommended temperature and power supply voltage ranges. 
Typical values are for T^ = 25°C, Vcc = and V|c = OV. See Note 2.) 


Symbol 


V|H 



Parameter 


Input Voltage — High Logic State 
(TRI-STATE Control) 


Input Voltage — Low Logic State 
(TRI-STATE Control) 


Differential Input Threshold Voltage 




Output TRI-STATE Leakage Current 


Output Short-Circuit Current 


Input Current— Low Logic State 
(TRI-STATE Control) 


Input Current— High Logic State 
(TRI-STATE Control) 


Input Clamp Diode Voltage 
(TRI-STATE Control) 


Power Supply Current 


Conditions 




-7V ^ V|c ^ 7V. V|H TRI-STATE = 2V 
Iq = -0.4mA.VoH ^ 2.7V 


lo = 8 mA, VoL ^ 0.5V 


Vcc = OV or 5.25V, Other Inputs at OV 


V| = -10V 


V| = -3V 


V| = 3V 


V| - 10V 


— 7V ^ V|c ^ 7V, V|H(3C) = 2V, 
(Note 4) 


lo = -0.4mA,V|o = 0.4V 


lo = 8 mA. V|D = -0.4V 


V|(D) = 3V. VlL = 0-8V. Vql = 0-5V 


V((D) = -3V. V|L = 0.8V, VoH = 2.7V 


V|(D) = 3V, V|H TRI-STATE = 2V, 
Vo = OV. (Note 3) 


V|L = 0.5V 


V|H = 2.7V 


V|H = 5.25V 


l|(M = —10 mA 




-3.25 

mA 

-1.50 

mA 

1.50 

mA 

3.25 

mA 



All Inputs V|L = OV 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operation. 

Note 2; All currents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise noted. 

Note 3: Only one output at a time should be shorted. 

Note 4: Refer to EIA RS-422/3 for exact conditions. 
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DS3486 


Switching Characteristics (Unless otherwise noted, Vcc = 5V and = 25°C.) 


Min 


Symbol 

Parameter 

tpHL(D) 

Propagation Delay Time — Differential Inputs to Output 
Output High to Low 

tpLH(D) 

Output Low to High 

tpLZ 

TRI-STATE Control to Output 
Output Low to TRI-STATE 

tpHZ 

Output High to TRI-STATE 

tpZH 

Output TRI-STATE to High 

tpZL 

Output TRI-STATE to Low 



Typ 

Max 

Units 

19 

35 

ns 

19 

30 

ns 

23 

35 

ns 

25 

35 

ns 

18 

30 

ns 

20 

30 

ns 


AC Test Circuits and Switching Time Waveforms 


DIFFERENTIAL 

INPUTS 


TO SCOPE 
(OUTPUT) 


PULSE i 
GENERATOR^ 


I Cl'ISpF 

T — ^ INCLUDES PROBE 
AND STRAY 
CAPACITANCE 


» TRI-STATE® CONTROL 



Input pulse characteristics: 
txLH “ tjHL = 6 ns (10% to 90%) 

PRR = 1 MHz, 50% duty cycle 

FIGURE 1. Propagation Delay Differential Input to Output 
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DS3486 



DS34C87 


National preliminary 

Semiconductor 

DS34C87 CMOS Quad TRI-STATE® 

Differential Line Driver 

General Description 

The DS34C87 is a quad differential line driver designed for 
digital data transmission over balanced lines. The DS34C87 
meets all the requirements of EIA standard RS-422 while 
retaining the low power characteristics of CMOS. This en- 
ables the construction of serial and terminal interfaces while 
maintaining minimal power consumption. 

The DS34C87 accepts TTL or CMOS input levels and trans- 
lates these to RS-422 output levels. This part uses special 
output circuitry that enables the individual drivers to power 
down without loading down the bus. The DS34C87 also in- 
cludes special power up and down circuitry which will TRI- 
STATE the outputs during power up or down, preventing 
spurious glitches on its outputs. This device has separate 
enable circuitry for each pair of the four drivers. The 
DS34C87 is pin compatible to the DS3487. 


All inputs are protected against damage due to electrostatic 
discharge by diodes to Vcc and ground. 

Features 

■ TTL input compatible 

■ Typical propagation delays: 8 ns 

■ Typical output skew: 0.5 ns 

■ Outputs won’t load line when Vcc = OV 

■ Meets the requirements of EIA standard RS-422 

■ Operation from single 5V supply 

■ TRI-STATE outputs for connection to system buses 

■ Low quiescent current 



Connection and Logic Diagrams 


Dual-ln-Line Package 



Top View 

Order Number DS34C87J, 
DS34C87N or DS34C87M 
See NS Package Number 
J16A,M16A orN16A 



Truth Tabie 


Input 

Control 

Input 

Non-Inverting 

Output 

Inverting 

Output 

■■ 


H 

L 

■■ 


L 

H 

X 


Z 

Z 


L = Low logic state X = Irrelevant 

H = High logic state Z = TRI-STATE (high impedance) 


For complete specifications 
see the Interface Databook. 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Militat7/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vcc) - 0.5 to 7.0V 

DC Voltage (V|n) - 1 .5 to Vcc + 1 -5V 

DC Output Voltage {Vqut) “0-5 to 7V 

Clamp Diode Current (I|k, Iqk) ± 20 mA 

DC Output Current, per pin (Iqlit) ± 1 50 mA 

DC Vcc or G N D Current (Ice) ±150 mA 

Storage Temperature Range (Tstg) -65°C to + 1 50°C 
Power Dissipation (Note 3) (Pp) 500 mW 

Lead Temperature (TJ (Soldering 4 sec) 260°C 


Operating Conditions 



Min 

Max 

Units 

Supply Voltqge (Vcc) 

4.50 

5.50 

V 

DC Input or Output Voltage 
(ViN. Vqut) 

0 

Vcc 

V 

Operating Temperature Range (Ta) 

-40 

±85 

°c 

Input Rise or Fall Times (tr, tf) 


500 

ns 


DC Electrical Characteristics Vcc = 5V ±10% (unless othenvise specified) (Note 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

High Level Input 
Voltage 


2.0 



V 

V|L 

Low Level Input 
Voltage 




0.8 

V 

Vqh 

High Level Output 
Voltage 

V|N = V|HorV|L. 
■out = -20 m A 

2.5 



V 

VqL 

Low Level Output 
Voltage 

V|N = V|HOrV|L, 
■out ~ 48 mA 



0.5 

V 

Vt 

Differential Output 
Voltage 

Rl = 100 n 
(Note 5) 

2.0 



V 

|VtI-|VtI 

Difference In 
Differential Output 

Rl = 100 n 
(Note 5) 



0.4 

V 

Vos 

Common Mode 
Output Voltage 

Rl = 100 n 
(Note 5) 



3.0 

V 

|VoS-Vosl 

Difference In 
Common Mode Output 

Rl = 100 n 
(Note 5) 



0.4 

V 

■in 

Input Current 

V|N = Vcc. GND, V|h, or V|L 



±1.0 

jliA 

■cc 

Quiescent Supply 
Current 

■out = 0 mA, 

V|N ~ Vcc or GND 

V|N = 2.4V or 0.5V (Note 6) 


200 

0.8 


jxA 

mA 

■oz 

TRI-STATE Output 
Leakage Current 

VoUT Vcc or GND 
Control = V|L 


±0.5 

±5.0 

juA 

■sc 

Output Short 
Circuit Current 

V|N “ Vcc or GND 
(Note 7) 

-30 


-150 

mA 

■off 

Output Leakage Current 
Power Off 

> 

to 

CM 

CD 1 

II II 

> 

o 

II 

o 

o 

> 



100 

-100 

< < 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Uniess otherwise specified, all voltages are referenced to ground. All currents into device pins are positive; all currents out of device pins are negative. 
Note 3: Power Dissipation temperature derating — plastic “N” package: —12 mW/”C from 65°C to 85°C. 


ceramic "J" package: -12 mW/°C from 100°C to 125°C. 

Note 4: Uniess otherwise specified, min/max limits appiy across the -40'’C to 85°C temperature range. All typicals are given for Vcc = 5V and Ta = 25°C. 
Note 5: See EIA Speoification RS-422 for exaot test conditions. 

Note 6: Measured per input. Aii other inputs at Vcc or GND. 

Note 7: Oniy one output at a time should be shorted. 
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DS34C87 


Switching Characteristics Vcc = 5V ±10%, V = tf = e ns {Figures 1 , 2 , 3 . and 4) (Note 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH. tpHL 

Propagation Delay 
Input to Output 

SI Open 


8 


ns 

Skew 

(Note 8) 

SI Open 


0.5 


ns 

tlLH. ^THL 

Differential Output Rise 
And Fall Times 

SI Open 


8 


ns 

tpZH 

Output Enable Time 

SI Closed 


13 


ns 

tpZL 

Output Enable Time 

SI Closed 


15 


ns 

tPHZ 

Output Disable Time (Note 9) 

SI Closed 


9 


ns 

tpLZ 

Output Disable Time (Note 9) 

SI Closed 


10 


ns 

CpD 

Power Dissipation 
Capacitance (Note 10) 



100 


pF 

C|N 

Input Capacitance 



10 


pF 


Note 8: Skew is defined as the difference in propagation delays between complementary outputs at the 50% point. 


Note 9: Output disable time is the delay from ENABLE or ENABLE being switched to the output transistors turning off. The actual disable times are less than 
indicated due to the delay added by the RC time constant of the load. 

Note 10: CpD determines the no load dynamic power consumption, Pq = Cpp '^^cc • + 'cc Vcc. snd the no load dynamic current consumption, Is = Cpc Vcc < + 
•cc- 

AC Test Circuit and Switching Time Waveforms 



TL/F/8576-3 

Note: C1 = C2 = C3 = 40 pF, R1 = R2 = 50fi, R3 = SOOH 

FIGURE 1. AC Test Circuit 
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AC Test Circuit and Switching Time Waveforms (Continued) 



TL/F/8576-4 

FIGURE 2. Propagation Delays 



TL/F/8576-5 

FIGURE 3. Enable and Disable Times 



OUTPUT 

(DIFFERENTIAL) 



Input pulse; f = 1 M Hz, 50%; tr = 1 1 < 6 ns. 
FIGURE 4. Differential Rise and Fall Times 


TUF/8576-7 
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DS35F87/DS34F87 


National 
Semiconductor 

DS35F87/DS34F87 
RS-422 Quad Line Driver with 

General Description 

The DS34F87/DS35F87 RS-422 Quad Line Driver features 
four independent driver chains which comply with EIA Stan- 
dards for the electrical characteristics of balanced voltages 
digital interface circuits. The outputs are TRI-STATE struc- 
tures which are forced to a high impedance state when the 
appropriate output control lead reaches a logic zero condi- 
tion. All input leads are PNP buffered to minimize input load- 
ing for either logic one or logic zero inputs. In addition, inter- 
nal circuitry assures a high impedance output state during 
the transition between power-up and power-down. 

The DS34F87/DS35F87 offers improved performance due 
to the use of state-of-the-art L-FAST bipolar technology. 
The L-FAST technology allows for higher speeds and lower 
currents by utilizing extremely short gate delay times. Thus, 
the DS34F87/DS35F87 features lower power, extended 
temperature range, and improved specifications. 

The DS34F87/DS35F87 offers optimum performance when 
used with the DS34F86/DS35F86 Quad Line Receiver. 


TRI-STATE® Outputs 

Features 

■ Four independent driver chains 

■ TRI-STATE outputs 

■ PNP high impedance inputs 

■ Fast propagation time 

■ TTL compatible 

■ Single 5.0V supply voltage 

■ Output rise and falls times less than 20 ns 

■ Lead compatible and interchangeable with MC3487 and 
DS3487 

■ Extended temperature range 



Block and Connection Diagrams 


16-Lead DIP and SO-16 Package 



TL/F/9618-1 

Top View 


Function Table (Each Driver) 




Output 



Y 

z 

H 

H 

H 

L 

L 

H 

L 

H 

X 

L 

Z 

Z 


H = High Level 
L = Low Level 
X = Immaterial 
Z = High Impedance (off) 


Order Number DS34F87J or DS35F87J 
See NS Package Number J16A* 

Order Number DS34F87M 
See NS Package Number M16A 

Order Number DS34F87N 
See NS Package Number N16A 

•For most current package information, contact product marketing. 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Saies Office/ 
Distributors for availabiiity and specifications. 

Storage Temperature Range 
Ceramic DIP - 65°C to + 1 75°C 

Molded DIP and SO-16 -65°C to + 150°C 

Lead Temperature 

Ceramic DIP (soldering, 60 sec.) 300°C 

Molded DIP and SO-16 

(soldering, 10 sec.) 265°C 

Supply Voltage 8.0V 

Input Voltage 5.5V 


Maximum Power Dissipation* at 25°C 
Cavity Package 1 500 mW 

Molded Package 1040 mW 

SO Package 960 mW 

•Derate cavity package 10 mW/°C above 25°C; derate molded DIP package 
8.3 mW/”C; derate SO package 7.7 mW'C above 25'C. 


Operating Range 

DS34F87 
Temperature 
Supply Voltage 
DS35F87 
Temperature 
Supply Voltage 


0°C to -H 70°C 
4.75V to 5.25V 


-55°Cto -M25°C 
4.5V to 5.5V 


Electricai Characteristics over operating range, unless otherwise specified (Notes 2 & 3) 


Symbol 

Parameter 

V|L 

Input Voltage LOW/ 

V|H 

Input Voltage HIGH 

l|L 

Input Current LOW 

l|H 

Input Current HIGH 

V|C 

Input Clamp Voltage 

VoL 

Output Voltage LOW 

VOH 

Output Voltage HIGH 

los 

Output Short Circuit Current (Note 4) 

loz 

Output Leakage Current Hi-Z State 

■OL(off) 

Output Leakage Current 
Power Off 

Vos-Vos 

Output Offset 

Voltage Difference (Note 5) 

VOD 

Output Differential Voltage (Note 5) 

AVqd 

Output Differential 
Voltage Change 

Iccx 

Supply Current 

Icc 



Conditions 

Min 

Typ 

Max 

Units 




0.8 

V 


2.0 



V 

V|L = 0.5V 



-200 

JU.A 

V|H = 2.7V 



-F50 

juA 

V|H = 5.5V 



+ 100 


l| = -18 mA 



-1.5 

V 


lot = 48 mA 



0.5 

V 

Iqh = -20 mA 

2.5 



V 

V|H = 2.0V 

-40 


-140 

mA 

V|L = 0.5V,V|l(z) = 0.8V 



±100 

|xA 

V|H = 2.7V, V|L (z) = 0.8V 



+ 100 


VoH = 6.0V. Vcc = OV 



+ 100 

jliA 

VoL = -0.25V, Vcc = OV 



-100 





±0.4 

V 


Control Leads Gnd 50 mA 

Control Leads 2.0V 40 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 

Note 2: Unless othenvise specified min/max limits apply across the - 55°C to + 1 25"C temperature range for the DS35F87 and across the 0°C to + 70°C range for 
the DS34F87. All typicals are given for Vcc = 5V and Ta = 25°C, 

Note 3: All currents into the device are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless othenvise specified. 
Note 4: Only one output at a time should be shorted. 

Note 5: Refer to EIA RS-422/3 for exact conditions. 
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DS35F87/DS34F87 


Switching Characteristics vcc = s.ov.ta = 2 s°c 


Symboi 

Parameter 

Conditions 

tpHL 

Propagation Delay Times 

High to Low Input 

tpLH 


Low to High Input 

tTHL 

Output Transition 

High to Low Input 

triH 

Times — Differentiai 

Low to High Input 

<PHZ(E) 

Propagation Delay 

Rl = 200, Cl = 50 pF 

tpLZ(E) 

Control to Output 

Rl = 200, Cl = 50 pF 

tpZH(E) 


Rl = oo. Cl = 50 pF 

tpZL(E) 


Rl = 200, Cl = 50 pF 

SKEW 

Output to Output 

Load = (Note 1 ) 



Note 1: Cl = 50 pF, V| = 1.5V to Vq = 1.5V, VpuLSE = OV to +3.0V. 


Parameter Measurement Information 


TO SCOPE 3.0V or GND TO SCOPE 



FIGURE 2. TRI-STATE Enable Test Circuit and Waveforms 


TL/F/9618-3 
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Parameter Measurement Information (Continued) 


TO SCOPE SCOPE 



FIGURE 3. Propagation Delay Times Input to Output Waveforms and Test Circuit 


TO SCOPE 
IN 



TL/F/9618-9 

FIGURE 4. Output Transition Times Circuit and Waveforms 


Note 1: The input pulse is supplied by a generator having the following characteristics: PRR =1.0 MHz, 50% duty cycle, tjLH = tjHL ^ ns (10% to 90%), 

Zq “ son. 

Note 2: C|_ includes probe and jig capacitance. 

Note 3: All diodes are IN3064 or equivalent. 

Note 4: All diodes are IN914 or equivalent. 




DS3587/DS3487 



National 

Semiconductor 


DS3587/DS3487 Quad TRI-STATE® Line Driver 


General Description 

National’s quad RS-422 driver features four independent 
driver chains which comply with EIA Standards for the elec- 
trical characteristics of balanced voltago^igital interface cir- 
cuits. The outputs are TRI-STATE structures which are 
forced to a high impedance state when the appropriate out- 
put control pin reaches a logic zero condition. All input pins 
are PNP buffered to minimize input loading for either logic 
one or logic zero inputs. In addition, internal circuitry as- 
sures a high impedance output state during the transition 
between power up and power down. 


Features 

■ Four independent driver chains 

■ TRI-STATE outputs 

■ PNP high impedance inputs (PIA compatible) 

■ Power up/down protection 

■ Fast propagation times (typ 10 ns) 

■ TTL compatible 

■ Single 5V supply voltage 

■ Output rise and fall times less than 20 ns (typ 10 ns) 

■ Pin compatible with DS8924 and MC3487 

■ Output skew — 2 ns typ 


Block and Connection Diagrams 



DuaMn-Line Package 



Top View 

Order Number DS3587J, DS3487J, 
DS3487M or DS3487N 

See NS Package Number J16A, M16A or N16A 


Truth Table 


Input 

Control 

Input 

Non-Inverter 

Output 

Inverter 

Output 

H 

H 

H 

L 

L 

H 

L 

H 

X 

L 

Z 

Z 


L = Low logic state 
H = High logic state 
X = Irrelevant 

Z = TRI-STATE (high impedance) 
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Absolute Maximum Ratings (Note i) 

If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Sales Office/ 
Distributors for avaiiabiiity and specifications. 

Supply Voltage 8V 

Input Voltage 5.5V 

Storage Temperature -65°C to + 150°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded DIP Package 1476 mW 

•Derate cavity package 10.1 mW/”C above 25°C; derate DIP molded pack- 
age 1 1.9 mW/°C above 25°C. Derate SO package 8.41 mW/°C above 25“C 


Elec trica l Characteristics (Notes 2, 3, 4 and 5) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|L 

Input Low Voltage 




0.8 

V 

V|H 

Input High Voltage 


2.0 



V 

l|L 

Input Low Current 

V|L = 0.5V 



-200 

jaA 

l|H 

Input High Current 


V|H = 2.7V 



50 

/xA 

V|H = 5.5V 



100 

juA 

VCL 

Input Clamp Voltage 

ICL = -18 mA 



-1.5 

V 

VoL 

Output Low Voltage 

loL = 48 fTiA 



0.5 

V 

VOH 

Output High Voltage 

■oh = — 20 mA 

2.5 



V 

los 

Output Short-Circuit Current 


-40 


-140 

mA 

Iqz 

Output Leakage Current (TRI-STATE) 


Vo = 0.5V 



-100 

fiA 

Vo = 5.5V 



100 

jxA 

■off 

Output Leakage Current Power OFF 

< 

o 

o 

II 

o 

< 

> 

CO 

II 

O 

> 



100 

fxA 

Vo = -0.25 V 



-100 

fiA 

|VoS-Vosl 

Difference in Output Offset Voltage 




0.4 

V 

Vt 

Differential Output Voltage 


2.0 



V 

|VtI-VtI 

Difference in Differential Output Voltage 




0.4 

V 

■cc 

Power Supply Current 


Active 


50 

80 

mA 

TRI-STATE 


35 

60 

mA 


Switching Characteristics vcc = sv.ta = 25 °c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpHL 

Input to Output 



10 

15 

ns 

tpLH 

Input to Output 



10 

15 

ns 

tTHL 

Differential Fall Time 



10 

15 

ns 

tTLH 

Differential Rise Time 



10 

15 

ns 

tpHZ 

Enable to Output 

Rl = 20on, Cl = 50 pF 


17 

25 

ns 

tPLZ 

Enable to Output 

Rl = 200fl, Cl = 50 pF 


15 

25 

ns 

tpZH 

Enable to Output 

Rl = oo, Cl = 50 pF, SI Open 


11 

25 

ns 

tpZL 

Enable to Output 

Rl = 200n, Cl = 50 pF, S2 Open 


15 

25 

ns 


Note 1; “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS3487. All typicals are given for Vcc = 5V and Ta = 25°C. 
Note 3; All currents into device pins are positive, all currents out of device pins as negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 

Note 5: Symbols and definitions correspond to EIA RS-422, where applicable. 


SO Package 

Lead Temperature (Soldering, 4 seconds) 

Operating Conditions 

Min 

Supply Voltage, Vcc 
DS3587 4.5 

DS3487 4.75 

Temperature (Ta) 

DS3587 -55 +125 

DS3487 0 +70 


Max 


5.5 

5.25 


1051 mW 
260°C 


Units 
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DS3587/DS3487 


AC Test Circuits and Switching Time Waveforms 



FIGURE 1. Propagation Delays 





TL/F/5780-6 


Input pulse: f = MHz, 50%; V = tf £ 15 ns. 

51 = open for tpzn 

52 = open for tpzL 


FIGURE 2. TRI-STATE Enable and Disable Delays 



FIGURE 3. Differential Rise and Fall Times 
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National 

Semiconductor 


DS1603/DS3603 TRI-STATE® Dual Receivers 


General Description 

The DS1603/DS3603 are dual differential TRI-STATE line 
receivers designed for a broad range of system applica- 
tions. They feature a high input impedance and low input 
current which reduces the loading effects on a digital trans- 
mission line, making them ideal for use in party line systems 
and general purpose applications like transducer preamplifi- 
ers, level translators and comparators. 

The receivers feature a ±25 mV input sensitivity specified 
over a ±3V common mode range. Input protection diodes 
are incorporated in series with the collectors of the differen- 
tial stage. These diodes are useful in applications that have 
multiple Vcc+ supplies or Vcc+ supplies that are turned 
off thus avoiding signal clamping. In addition, TTL compati- 
ble strobe and control lines are provide for flexibility in the 
application. 


The DS1603/DS3603 are pin compatible with the DS75107, 
DS75108 and DS75208 series of dual line receivers. 

Features 

■ Diode protected input stage for power “OFF” condition 

■ 17 ns typ high speed 

■ TTL compatible 

■ ±25 mV input sensitivity 

■ ±3V input common-mode range 

■ High-input inpedance with normal Vcc, or Vcc = OV 

■ Strobes for channel selection 

■ TRI-STATE outputs for high speed buses 


Connection Diagram 


Dual-In-Line Package 



Top View 

Order Number DS1603J, DS3603J or DS3603N 
See NS Package Number J14A or N14A 
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DS1603/DS3603 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vcc ) 7V 

Supply Voltage (Vcc“) -7V 

Differential Input Voltage ±6V 

Common Mode Input Voltage ±5V 

Operating Conditions 


strobe Input Voltage 5.5V 

Storage T emperature Range - 65°C to + 1 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 308 mW 

Molded Package 1207 mW 

Lead Temperature (Soldering, 4 sec) 260°C 

•Derate cavity package 8.7 mW/°C above 25”C; derate molded package 
9.7 mW/°C above 25“C. 


Supply Voltage Vcc''' 

Min 

Norn 

Max 

Min 

Norn 

Max 

4.5V 

5V ! 

5.5V 

4.75 

5V 

5.25V 

Supply Voltage Vcc" 

-4.5V 

-5V 

-5.5V 

-4.75 

-5V 

-5.25V 

Operating Temperature Range 

-55°C 

to 

-l-125°C 

0“C 

to 

-l-70°C 


Electrical Characteristics tmin ^ ta ^ tmax (Notes 2. 3) 


Symbol 


l|H 






High Level Input Current 
into 1A, IB, 2Aor2B 


Low Level Input Current 
into 1A, IB, 2Aor2B 


High Level Input Current 
into 1G, 2G or D 


Low Level Input Current 
into D 


Low Level Input Current 
into 1 G or 2G 


High Level Output Voltage 


Low Level Output Voltage 


Output Disable Current 


Short Circuit Output Current 


Conditions 


Vcc''' ^ Max, Vcc“ = Max, 
ViD = 0.5V, V|c = -3Vto3V 


Vcc"*" = Max, Vcc “ = Max, 
V|D = -2V,V|c= -3Vto3V 


Vcc'*' = Max V|H(S) = 2.4V 

Vcc = Max V|H(S) = MaxVcc+ 


Vcc''' = Max,Vcc“ = Max, 
V|L(D) = 0-4V 


Vcc''' = Max, I V|H(D) = 2V 
Vcc" = Max, 

V|L(G) = 0-4V 


V|L(D) = 0.8V 


Vcc^ = Min, Vcc ~ Min, 
Iload = “2 mA, V|D = 25 mV, 
V|L(D) = 0-8V.V|C = -3Vto3V 


Vcc''' = Min, Vcc" = Min, 
IsiNK ~ 10 V|d = — 25 mV, 
V|L(D) ~ 0.8V, V|c = ~3V to 3V 


Vcc"*" ~ Max, VouT ~ 2.4V 

vIJJJd) = 2V^’ ^ 



Vcc"'" = Max, Vcc" = Max, 

ViL(D) = 0.8V (Note 4) 


Vcc''' = Max, Vcc" = Max, 
V|D = 25 mV, Ta = 25°C 


Vcc"'" = Max, Vcc" ^ Max, 
V|D = 25 mV, Ta = 25'’C 


Vcc''' = Min, Vcc" = Min, 
l|N = — 12 mA, Ta = 25°C 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 55“C to + 1 25'C temperature range for the DS1 603 and across the 0°C to + 70°C range for 
the DS3603. All typical values are for Ta = 25“C and Vcc = 

Note 3: All current into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown as 
max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 


High Logic Level Supply 
Current from Vcc''' 


High Logic Level Supply 
Current from Vcc" 


Input Clamp Voltage 
on G or D 


Max 

Units 

75 

p,A 

-10 

jaA 

40 

jaA 

1 

mA 

-1.6 

mA 

-40 

juA 

-1.6 

mA 


B 

0.4 

V 

40 

jliA 

-40 

(xA 

-70 

mA 

40 

mA 

-15 

mA 

-1.5 

V 
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Switching Characteristics vcc+ = 5v,vcc“ = -sv.ta = 25°c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH(D) 

Propagation Delay Time, Low-to- 
High Level, from Differential 
Inputs A and B to Output 

Rl = 390n, Cl = 50 pF, (Note 1) 

■ 

17 

25 

ns 

tpHL(D) 

Propagation Delay Time, High-to- 
Low Level, from Differential 
Inputs A and B to Output 

Rl = 390n, Cl = 50 pF, (Note 1) 

■ 

17 

25 

ns 

tpLH(S) 

Propagation Delay Time, Low-to- 
High Level, from Strobe Input G 
to Output 

Rl = 390ft, Cl = 50 pF 

■ 

10 

15 

ns 

tPHL(S) 

Propagation Delay Time, High-to- 
Low Level, from Strobe Input G 
to Output 

Rl = 390ft, Cl = 50 pF 

■ 

8 

15 

ns 

tiH 

Disable Low-to-High to Output 
High to Off 

Rl = 390ft, Cl = 5 pF 



20 

ns 

tOH 

Disable Low-to-High to Output 
Low to Off 

Rl = 390ft, Cl = 5 pF 



30 

ns 

tHI 

Disable High-to-Lowto Output 
Off to High 

Rl= 1kto0V.CL= 50pF 



25 

ns 

tHO 

Disable High-to-Low to Output 
Off to Low 

Rl = 390ft, Cl ~ 50 pF 



25 

ns 


Note 1: Differential input is +100 mV to -100 mV pulse. Delays read from 0 mV on input to 1.5V on output. 


Typical Application 


Line Receiver Used in a Party-Line or Data-Bus System 
RECEIVERS 

/ — — ^ 



DRIVERS 


Line receivers are 

DS75107/DS75108 

or DS3603 

Line drivers are 

SN751 09/juA751 1 0/DS751 1 0 

or DS8831 


TL/F/5781-3 
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DS1603/DS3603 





















































DS1603/DS3603 


Schematic Diagram (Notei) 

DS1603/DS3603 



TL/F/5781-6 

Note 1: Vj of the dual circuit is shown. 

Note 2: 'Indicates connections common to second half of dual circuit. 
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National 

Semiconductor 


DS1650/DS1652/DS3650/DS3652 
Quad Differential Line Receivers 


General Description 

The DS1650/DS3650 and DS1652/DS3652 are TTL com- 
patible quad high speed circuits intended primarily for line 
receiver applications. Switching speeds have been en- 
hanced over conventional line receivers by the use of 
Schottky technology, and TRI-STATE® strobing is incorpo- 
rated offering a high impedance output state for bussed or- 
ganizations. 

The DS1650/DS3650 has active pull-up outputs and offers 
a TRI-STATE strobe, while the DS1652/DS3652 offers 
open collector outputs providing implied “AND” operation. 
The DS1652/DS3652 can be used for address decoding as 
illustrated below. All outputs of the DS1652/DS3652 are 
tied together through a common resistor to 5V. In this con- 


figuration, the DS1652/DS3652 provides the “AND” func- 
tion. All addresses have to be true before the output will go 
high. This scheme eliminates the need for an “AND” gate 
and enhances speed throughput for address decoding. 

Features 

■ High speed 

■ TTL compatible 

■ Input sensitivity ± 25 mV 

■ TRI-STATE outputs for high speed busses 

■ Standard supply voltages ±5V 

■ Pin and function compatible with MC3450 and MC3452 





Output 

Input 

Strobe 

DS1650/ 

DS3650 

DS1652/ 

DS3652 

Vd ^ 25 mV 

L 

H 

Open 


H 

Open 

Open 

-25 mV ^ V|D ^ 25 mV 

L 

X 

X 


H 

Open 

Open 


V|D ^ -25 mV 


L = Low Logic State Open = TRI-STATE 
H = High Logic State X = Indeterminate State 
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DS1 650/DS1 652/DS3650/DS3652 


Absolute Maximum Ratings (Note i) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Power Supply Voltages 

Vcc +7.0 Vqc 

Vee — 7.0Vdc 

Differential-Mode Input Signal Voltage 
Range, Vidr ± 6.0 Vqc 

Common-Mode Input Voltage Range, V|cr ± 5.0 Vqc 

Strobe Input Voltage, V|(S) 5.5 Vdc 

Storage Temperature Range -65°C to -1- 150°C 

Lead Temperature (Soldering, 4 seconds) 260°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded DIP Package 1 476 mW 

SO Package 1051 mW 

•Derate cavity package 10.1 mW/“C above 25°C; derate molded DIP pack- 
age 1 1.8 mW/“C above 25°C; derate SO package 8.41 mW/“C above 25“C. 

Operating Conditions 

Min 

Supply Voltage, Vcc 
DS1650, DS1652 4.5 

DS3650, DS3652 4.75 

Supply Voltage, Vee 
DS1650, DS1652 -4.5 

DS3650, DS3652 -4.75 

Operating Temperature, Ta 
DS1650, DS1652 -55 

DS3650, DS3652 0 

Output Load Current, Iql 
D ifferential-Mode Input 
Voltage Range, V|dr -5.0 

Common-Mode Input 
Voltage Range, V|CR -3.0 

Input Voltage Range 
Input to GND,V|r -5.0 

Max 

5.5 

5.25 

-5.5 

-5.25 

-F125 
+ 70 
16 

+ 5.0 
+ 3.0 
+ 3.0 

Units 

Vdc 

Vdc 

Vdc 

Vdc 

°C 

°C 

mA 

Vdc 

Vdc 

Vdc 

Electrical Characteristics 

(Vcc = 5.0 Vdc. Vee = ~5.0 Vqc. Min ^ Ta ^ Max, unless otherwise noted) (Notes 2 and 3] 





Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|S 

Input Sensitivity, (Note 5) 
(Common-Mode Voltage Range = 
-3V ^ V|N ^ 3V) 

Min ^ Vcc ^ Max 
Min s Vee ^ Max 

■ 

■ 

±25.0 

mV 

'lH(l) 

High Level Input Current to 
Receiver Input 

(Figure 5) 

■ 

■ 

75 

\xk 

l|L(l) 

Low Level Input Current to 
Receiver Input 

(Figure 6) 

■ 

■ 

-10 

jaA 

l|H(S) 

High Level Input Current to 
Strobe Input 

(Figure 3) 


V|H{S) = 2.4V, 
DS1650, DS1652 

■ 

■ 

100 

jaA 





V|H(S) = 2.4V, 
DS3650, DS3652 

■ 

■ 

40 

juA 








1 

mA 

l|L(S) 

Low Level Input Current to 
Strobe Input 


V|H(S) = 0.4V 

■ 

■ 

-1.6 

mA 

Vqh 

High Level Output Voltage 

(Figure 1) 

DS1650, DS3650 

El 



V 

ICEX 

High Level Output Leakage Current 

(Figure 1) 

DS1652, DS3652 



250 

jliA 

VoL 

Low Level Output Voltage 

(Figure 1) 


DS3650, DS3652 



0.45 

V 





DS1650, DS1652 



0.50 

Iqs 

Short-Circuit Output Current (Note 4) 

(Figure 4) 

DS1650/DS3650 

-18 


-70 

mA 

Iqff 

Output Disable Leakage Current 

(Figure 7) 


DS1650 



100 

jaA 





DS3650 



40 

jliA 
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Electrical Characteristics 

(Vcc = 5 0 Vdc. Vee = -5.0 Vdc. Min ^ Ta ^ Max, unless otherwise noted) (Notes 2 and 3) (Continued) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

■CCH 

High Logic Level Supply Current 
from Vcc 

(Figure 2) 



45 

60 

mA 

Ieeh 

High Logic Level Supply Current 
from Vee 

(Figure 2) 



-17 

-30 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified, min/max limits apply across the 0"C to +70*C range tor the DS3650, DS3652 and the -55°C to + 125”C range for the 
DS1650, DS1652. All typical values are for Ta = 25”C, Vcc = 5V and Vee 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, alt voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5; A parameter which is of primary concern when designing with line receivers is. what is the minimum differential input voltage required as the receiver input 
terminals to guarantee a given output logic state. This parameter is commonly referred to as threshold voltage. It is well known that design considerations of 
threshold voltage are plagued by input offset currents, bias currents, network source resistances, and voltage gain. As a design convenience, the DS1650, DS1652 
and the DS3650, DS3652 are specified to a parameter called input sensitivity (Vis). This parameter takes into consideration input offset currents and bias currents 
and guarantees a minimum input differential voltage to cause a given output logic state with respect to a maximum source impedance of 200n at each input. 


Switching Characteristics (Vcc = 5 Vdc, Vee = ~5 Vdc. Ta = 25°c unless otherwise noted) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpHL(D) 

High-to-Low Logic Level Propagation 


DS1650/DS3650 


21 

25 

ns 


Delay Time (Differential Inputs) 

(Figure 8) 

DS1652/DS3652 


20 

25 

ns 

tpLH(D) 

Low-to-High Logic Level Propagation 

DS1650/DS3650 


20 

25 

ns 


Delay Time (Differential Inputs) 


DS1652/DS3652 


22 

25 

ns 

tpOH(S) 

TRI-STATE to High Logic Level 
Propagation Delay Time (Strobe) 


DS1650/DS3650 

■ 

16 

21 

ns 

tpHO(S) 

High Logic Level to TRI-STATE 
Propagation Delay Time (Strobe) 

(Figure 9) 

DS1650/DS3650 

■ 

■ 

18 

ns 

tpOL(S) 

TRI-STATE to Low Logic Level 
Propagation Delay Time (Strobe) 

DS1650/DS3650 

■ 

19 

27 

ns 

tpLO(S) 

Low Logic Level to TRI-STATE 
Propagation Delay Time (Strobe) 


DS1650/DS3650 

■ 

14 

29 

ns 

tpHL(S) 

High-to-Low Logic Level Propagation 
Delay Time (Strobe) 

(Figure 10) 

DS1652/DS3652 

■ 

16 

25 

ns 

tpLH(S) 

Low-to-High Logic Level Propagation 
Delay Time (Strobe) 

DS1652/DS3652 

■ 

13 

25 

ns 





















































































DS1650/DS1652/DS3650/DS3652 


Electrical Characteristic Test Circuits 



■■ 

VI 

V2 

V3 

V4 


■ 

DS1650/ 

DS3650 

DS1652/ 

DS3652 

DS1650/ 

DS3650 

DS1652/ 

DS3652 

DS1650/ 

DS3650 

DS1652/ 

DS3652 

DS1650/ 

DS3650 

DS1652/ 

DS3652 

D 

VOH 

+ 2.975V 
-3.0V 


+ 3.0V 
-2.975V 


+ 3.0V 
GND 


GND 

-3.0V 


-0.4 mA 
-0.4 mA 

ICEX 


+ 2.975V 
-3.0V 




+ 3.0V 
GND 


GND 

-3.0V 


VoL 

+ 3.0V 
-2.975V 

+ 3.0V 
-2.975V 

•+■ 2.975V 
-3.0 V 

+ 2.975V 
-3.0V 

GND 

-3.0V 

GND 

-3.0V 

+ 3.0V 
GND 

+ 3.0V 
GND 

+ 16 mA 
+ 16 mA 


Channel A shown under test. Other channels are tested similarly. 

FIGURE l.lcEXrVoH and Vql 
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Electrical Characteristic Test Circuit: 



TL/F/5782-7 

Note: Channel A shown under test, other channels are tested similiarly. Only 
one output shorted at a time. 

FIGURE 4. los 



TL/F/5782-9 

Note: Channel A(-) shown under test, other channels are tested 
similarly. Devices are tested with V1 from 3V to -3V. 

FIGURE 6. I|L 


(Continued) 



TL/F/5782-8 


Note: Channel A(-) shown under test, other channels are tested similarly. 
Devices are tested with VI from 3V to -3V. 

FIGURES. I|H 
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DS1650/DS1652/DS3650/DS3652 



DS1650/DS1652/DS3650/DS3652 


AC Test Circuits and Switching Time Waveforms 



TL/F/5782-11 

Note: Output of Channel B shown under test, other channels are tested similarly. 

S1 at “A” for DS1652/DS3652 
SI at “B" for DS1650/DS3650 
Cl = 15 pF total tor DS1652/DS3652 
Cl = 50 pF total tor DS1650/DS3650 

FIGURE 8. Receiver Propagation Dealy tpi.H(D) tpHL(O) 




VI 

V2 

SI 

S2 

Cl 

tpLO(S) 

100 mV 

GND 

Closed 

Closed 

15 pF 

tpOL(S) 

100 mV 

GND 

Closed 

Open 

50 pF 

tpHO(S) 

GND 

100 mV 

Closed 

Closed 

15pF 

tpOH(S) 

GND 

100 mV 

Open 

Closed 

50 pF 


Cl includes jig and probe capacitance. 

E|n waveform characteristics: truH and tjHL ^ 10 ns measured 10% to 90% 
PRR = 1 MHz 
Duty Cycle = 50% 



FIGURE 9. Strobe Propagation Delay tpLO(S)> ^POL(S)i tpHO(S) tpoH(S) 


TL/F/5782-17 
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AC Test Circuits and Switching Time Waveforms (Continued) 



E|N /50% 

OV 

*plh(S)H 

VqH 

eq 

Vql 


h- «PHL(S) 

/'“ V 


TL/F/5782-19 


Note: E|tg waveform characteristics: 

tiLH and tjHL ^ 10 ns measured 10% and 90% 
PRR = 1 MHz 
Duty Cycle = 500 ns 


Note: Output of Channel B shown under test, other channels 
are tested similarly. 

FIGURE 10. Strobe Propagation Delay tpLH(S) tpHL(S) 


Schematic Diagrams 

DS1650/DS3650 
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DS1650/DS1652/DS3650/DS3652 


Schematic Diagrams (Continued) 

DS1652/DS36S2 
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National 

Semiconductor 


DS1691A/DS3691 (RS-422/RS-423) Line Drivers 
with TRi-STATE® Outputs 


General Description 

The DS1691A/DS3691 are low power Schottky TTL line 
drivers designed to meet the requirements of EIA standards 
RS-422 and RS-423. They feature 4 buffered outputs with 
high source and sink current capability with internal short 
circuit protection. A mode control input provides a choice of 
operation either as 4 independent line drivers or 2 differen- 
tial line drivers. A rise time control pin allows the use of an 
external capacitor to reduce rise time for suppression of 
near end crosstalk to other receivers in the cable. 

With the mode select pin low, the DS1691A/DS3691 are 
dual-differential line drivers with TRI-STATE outputs. They 
feature ±10V output common-mode range in TRI-STATE 
mode and OV output unbalance when operated with ±5V 
supply. 


Features 

■ Dual RS-422 line driver with mode pin low, or quad RS- 
423 line driver with mode pin high 

■ TRI-STATE control for individual outputs 

■ Short circuit protection for both source and sink outputs 

■ Outputs will not clamp line with power off or in TRI- 
STATE 

■ Individual rise mode time control for each output 

■ icon transmission line drive capability 

■ Low Ice and Iee power consumption 

RS-422 35 mW/driver typ 

RS-423 26 mW/driver typ 

■ Low current PNP inputs compatible with TTL, MOS and 
CMOS 

■ Pin compatible with AM26LS30 



Truth Table 



Inputs 

Outputs 


Mode 

A(D) 

B(C) 

A(D) 

B(C) 

RS-422 

0 

0 

0 

0 

1 


0 

0 

1 

TRI-STATE 

TRI-STATE 


0 

1 

0 

1 

0 


0 

1 

1 

TRI-STATE 

TRI-STATE 

RS-423 

1 

0 

0 

0 

0 


1 

0 

1 

0 

1 


1 

1 

0 

1 

0 


1 

1 

1 

1 

1 


Order Number DS1691AJ, DS3691J, DS3691M or DS3691N 
See NS Package Number J16A, M16A or N16A 
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DS1691A/DS3691 




DS1691A/DS3691 


Absolute Maximum Ratings (Note i) Operatinc 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ Supply Voltage 
Distributors for availability and specifications. DS1691A 

Supply Voltage 

Vcc 7V 

^p^ DS3691 

Vcc 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW _ , 

Molded DIP Package 1 476 mW 

SO Package 1051 mW °|1691A 

Input Voltage 15V 

Output Voltage (Power OFF) ± 1 5V 

Storage T emperature - 65°C to + 1 50°C 

Lead Temperature (Soldering, 4 seconds) 260°C 

•Derate cavity package 10.1 mW/°C above 25°C; derate molded DIP pack- 
age 1 1.9 mW/°C above 25°C. Derate SO package 8.41 mW/°C above 25°C. 

DC Electrical Characteristics (Notes 2, 3, 4 and 5) 


Symbol Parameter Conditions 


RS-422 CONNECTION, Vee CONNECTION TO GROUND, MODE SELECT ^ 0.8V 


High Level Input Voltage 


Low Level Input Voltage 


High Level Input Current 


Operating Conditions 

Min 

Supply Voltage 
DS1691A 

Max 

Vcc 

4.5 

5.5 

Vee 

DS3691 

-4.5 

-5.5 

Vcc 

4.75 

5.25 

Vee 

Temperature (Ta) 

-4.75 

-5.25 

DS1691A 

-55 

-h125 

DS3691 

0 

-1-70 


Vos. Vos 


IVrl - IVtI 


IVosI “ iVosI 


Low Level Input Current 


Input Clamp Voltage 


Differential Output Voltage 
Va,b 


Differential Output Voltage 
Va,b 


Common-Mode Offset 
Voltage 


Difference in Differential 
Output Voltage 


Difference in Common- 
Mode Offset Voltage 


|Vt - VtI 


Output Voltage Common- 
Mode Range 


Output Leakage Current 
Power OFF 


V|N = 2.4V 


V|N ^ 15V 


V|N = 0.4V 


= -12 mA 


Rl = 100ft 
Vcc ^ 4.75V 


Rl = 100ft 


Rl = 100ft 


Rl = 100ft 


V|N = 2V 


V|N = 0.8V 


V|N = 2V 


V|N = 0.8V 


Rl = 100ft, Vcc ^ 4.75V 


VdisABLE - 2.4V 


Vcc = OV 


TRI-STATE Output Current Vcc = Max 


Output Short Circuit Current V|n = 0.4V 


Output Short Circuit Current V|n = 2.4V 


Supply Current 


VcMR = 10V 


VcMR = -10V 


VcMR ^ 10V 


VcMR ^ -10V 


VoA = 6V 


VoB = OV 


VoA = OV 


Vqb = 6V 


3.6 

6.0 

-3.6 

-6.0 
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AC Electrical Characteristics ta = 25 °c (Note s) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

RS-422 CONNECTION, Vcc = 5V, MODE SELECT = 0.8V 

tr 

Output Rise Time 

Rl = lOOfl, Cl = 500 pF (Figure 1) 


120 

200 

ns 

tf 

Output Fall Time 

Rl = lOOn, Cl = 500 pF (Figure 1) 


120 

200 

ns 

tpDH 

Output Propagation Delay 

Rl = lOOn, Cl = 500 pF (Figure 1) 


120 

200 

ns 

tpDL 

Output Propagation Delay 

Rl = lOOn, Cl = 500 pF (Figure 1) 


120 

200 

ns 

tpZL 

TRI-STATE Delay 

Rl = 450D, Cl = 500 pF, Cc = 0 pF (Figure 4) 


250 

350 

ns 

tpZH 

TRI-STATE Delay 

Rl = 450D, Cl = 500 pF, Cc = 0 pF (Figure 4) 


180 

300 

ns 

tPLZ 

TRI-STATE Delay 

Rl = 450n, Cl = 500 pF, Cc = 0 pF (Figure 4) 


180 

300 

ns 

tpHZ 

TRI-STATE Delay 

Rl = 450n, Cl = 500 pF, Cc = 0 pF (Figure 4) 


250 

350 

ns 


DC Electrical Characteristics (Notes 2, 3, 4 and 5) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

RS-423 CONNECTION, |Vccl = |VeeI. MODE SELECT ^ 2V 

V|H 

High Level Input Voltage 


2 



V 

V|L 

Low/ Level Input Voltage 




0.8 

V 

l|H 

High Level Input Current 

V|N = 2.4V 


1 

40 

JU.A 



V|N ^ 15V 


10 

100 

fiA 

l|L 

Low Level Input Current 

ViN = 0.4V 


-30 

-200 

fiA 

V| 

Input Clamp Voltage 

I|N = -12 mA 



-1.5 

V 

Vo 

Output Voltage 

Rl = oo, (Note 6) 

> 

CM 

II 

2 

> 

4.0 

mm 

6.0 

V 

v5 


Vcc ^ 4.75V 

V|N = 0.4V 

-4.0 

-4.4 

-6.0 

V 

Vt 

Output Voltage 

Rl = 450ft 

V|N = 2.4V 

3.6 

4.1 


V 

V? 


Vcc ^ 4.75V 

V|N = 0.4V 

-3.6 

-4.1 


V 

I 1- 

l> 

1 

Output Unbalance 

IVccI = IVeeI = 4.75V. Rl = 450ft 


0.02 

0.4 

V 

lx + 

Output Leakage Power OFF 

< 

o 

o 

II 

< 

m 

m 

II 

o 

< 

Vo = 6V 


2 

100 

fiA 

lx- 

Output Leakage Power OFF 

< 

o 

o 

II 

< 

m 

m 

II 

o 

< 

Vo = -6V 


-2 

-100 

fiA 

IS + 

Output Short Circuit Current 

> 

o 

II 

O 

> 

V|N = 2.4V 


-80 

-150 

mA 

Is- 

Output Short Circuit Current 

Vo = ov 

V||M = 0.4V 


80 

150 

mA 

ISLEW 

Slew Control Current 



±140 


jxA 

Icc 

Positive Supply Current 

V|N — 0.4V, Rl = °° 


18 

30 

mA 

Iee 

Negative Supply Current 

V|N ■ 0.4V, Rl °° 


-10 

-22 

mA 


Note 1: “Absolute Maximunn Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics” provide conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the -55”C to +125”C temperature range for the DS1691A and across the 0°C to +70°C range 
for the DS3691. All typicals are given for Vcc = 5V and T* = 25°C. Vcc and Vee as listed in operating conditions. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 

Note 5: Symbols and definitions correspond to EIA RS-422 and/or RS-423 where applicable. 

Note 6: At -55”C, the output voltage is +3.9V minimum and -3.9V minimum. 
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DS1691A/DS3691 


AC Electrical Characteristics ta = 25°c (Notes) 


Parameter 


Conditions 


RS-423 CONNECTiON, Vcc = 5V, Vee -5V, MODE SELECT = 2.4V 


Rise Time 

Rl = 450n, Cl = 500 pF, Cc = 0 (Figure 2) 

Fall Time 

Rl = 450ft, Cl = 500 pF, Cc = 0 (Figure 2) 

Rise Time 

Rl = 450ft, Cl = 500 pF Cc = 50 pF (Figure 3) 

Fail Time 

Rl = 450ft, Cl = 500 pF Cc = 50 pF (Figure 3) 

Rise Time Coefficient 

Rl = 450ft, Cl = 500 pF, Cc = 50 pF (Figure 3) 

Output Propagation Delay 

Rl = 450ft, Cl = 500 pF, Cc = 0 (Figure 2) 

Output Propagation Delay 

Rl = 450ft, Cl = 500 pF, Cc = 0 (Figure 2) 


Typ I 

Max 1 

Units 


120 

300 

ns 

120 

300 

ns 

[IQ9 


jJiS 

3.0 


JLlS 

0.06 


|u.s/pF 

180 

300 

ns 

180 

300 

ns 


1-84 















































AC Test Circuits and Switching Time Waveforms (Continued) 



TL/F/5783-8 

FIGURE 3. Rise Time Control for RS-423 




FIGURE 4. TRI-STATE Delays 

Switching Waveforms 






DS1691A/DS3691 
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National 
Semiconductor 

DS1692/DS3692 TRI-STATE® 

General Description 

The DS1692/DS3692 are low power Schottky TTL line driv- 
ers electrically similar to the DS1691A/DS3691 but tested 
to meet the requirements of MIL-STD-1 88-114 (see Applica- 
tion Note AN-216). They feature 4 buffered outputs with 
high source and sink current capability with internal short 
circuit protection. A mode control input provides a choice of 
operation either as 4 independent line drivers or 2 differen- 
tial line drivers. A rise time control pin allows the use of an 
external capacitor to reduce rise time for suppression of 
near end cross-talk to other receivers in the cable. 

With the mode select pin low, the DS1692/DS3692 are dual 
differential line drivers with TRI-STATE outputs. They fea- 
ture ±10V output common-mode range in TRI-STATE and 
OV output unbalance when operated with ± 5V supply. 


Differential Line Drivers 

Features 

■ Dual differential line driver or quad single-ended line 
driver 

■ TRI-STATE differential drivers meet MIL-STD-1 88-1 14 

■ Short circuit protection for both source and sink outputs 

■ Individual rise time control for each output 

■ lOOn transmission line drive capability 

■ Low Ice and Iee power consumption 

Differential mode 35 mW/drivertyp 

Single-ended mode 26 mW/driver typ 

■ Low current PNP inputs compatible with TTL, MOS and 
CMOS 



Logic Diagram (V 2 Circuit Shown) 


INPUT B (C) 
TRI-STATE* 
DISABLE 


Cext.A(D) 
OUTPUT A (D) 


Connection Diagram 


INPUT B/DISABLE 


INPUT C/DISABLE 



RISE TIME CONTROL A 


RISE TIME CONTROLS 


RISE TIME CONTROLS 


RISE TIME CONTROL 0 


Truth Table 


OUTPUT B(C) 
Cext> B (C) 


Inputs 

Outputs 

Mode 

A(D) 

B(C) 

A(D) 

B(C) 

0 

0 

0 

0 

1 

0 

0 

1 

TRI-STATE 

TRI-STATE 

0 

1 

0 

1 

0 

0 

1 

1 

TRI-STATE 

TRI-STATE 

1 

0 

0 

0 

0 

1 

0 

1 

0 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 


Top View 


Order Number DS1692J, DS3692J or DS3692N 
See NS Package Number J16A or N16A 
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DS1692/DS3692 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 

Vcc 7V 

Vee -7V 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded Package 1476 mW 

Input Voltage 15V 

Operating Conditions 

Min Max 

Supply Voltage 
DSI 692 

Vcc 4.5 5.5 

Vee -4.5 -5.5 

DS3692 

Vcc 4.75 5.25 

Vee -4.75 -5.25 

Temperature (Ta) 

DS1692 -55 +125 

Units 

V 

V 

V 

V 

°c 

Output Voltage (Power OFF) + 1 5V 

Storage Temperature - 65°C to -1- 1 50°C 

Lead Temperature (Soldering, 4 sec.) 260°C 






•Derate cavity package 10.1 mW/”C; derate molded package 11.9 mW/°C 
above 25°C. 






Electrical Characteristics dsi 6g2/DS3692 (Notes 2, 3 and 4 ) 





Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DS1692, Vcc = 

5V ±10%,DS3692,Vcc = 5V ±5%, Vee CONNECTION TO GROUND, MODE SELECT ^ 0.8V 


Vo 

Differential Output Voltage 

R|_ = oo 

< 

z 

II 

to 

< 

2.5 

3.6 


V 

Vo 

Va,b 


V|N = 0.8V 

-2.5 

-3.6 


V 

Vt 

Differential Output Voltage 

Rl = lOon 

V|N = 2V 

2 

2.6 


V 

Vt 

Va.b 

Vcc ^ 4.75V 

V|N = 0.8V 

-2 

-2.6 


V 

Vos. Vos 

Common-Mode Offset 
Voltage 

Rl = 100ft 


2.5 

3 

V 

ivtI - m 

Difference in Differential 
Output Voltage 

Rl = 100ft 


0.05 

0.4 

V 

IVosI “ IVosI 

Difference in Common- 
Mode Offset Voltage 

Rl = 100ft 


0.05 

0.4 

V 

Vss 

1 1- 
l> 

1 

H 

Rl = 100ft, Vcc ^ 4.75V 

4.0 

4.8 


V 

lox 

TRI-STATE Output Current 

Vo ^ -10V 


-0.002 

-0.15 

mA 



Vo s 15V 


0.002 

0.15 

mA 

Isa 

Output Short Circuit Current 

V|N = 0.4V 

< 

O 

> 

II 

0 ) 

< 


80 

150 

mA 




> 

o 

II 

m 

O 

> 


-80 

-150 

mA 

ISB 

Output Short Circuit Current 

V|N = 2.4V 

< 

O 

> 

II 

o 

< 


-80 

-150 

mA 




< 

O 

CD 

II 

CD 

< 


80 

150 

mA 

•cc 

Supply Current 



18 

30 

mA 

DS1692, Vcc = 

5V ± 10%, Vee = -5V ± 10%, DS3692, Vcc = 5V ±5%, Vee = 

-5 ±5%, MODE SELECT ^ 0.8V 


Vo 

Differential Output Voltage 

Rl = oo 

V|N = 2.4V 

7 

8.5 


V 

Vo 

Va,B 


V|N = 0.4V 

-7 

-8.5 


V 

Vt 

Differential Output Voltage 

Rl = 200ft 

V|N = 2.4V 

6 

7.3 


V 

Vt 

Va,b 


V|N = 0.4V 

-6 

-7.3 


V 

< 

H 

I 

H I 

Output Unbalance 

|Vccl = |Vee1. Rl = 200ft 


0.02 

0.4 

V 

lox 

TRI-STATE Output Current 


Vo = 10V 


0.002 

0.15 

mA 




Vo = -10V 


-0.002 

-0.15 

mA 

ls + 

Output Short Circuit Current 

> 

o 

II 

o 

> 

V|N = 2.4V 


-80 

-150 

mA 

ls“ 



V|N = 0.4V 


80 

150 

mA 

ISLEW 

Slew Control Current 



±140 


jaA 

icc 

Positive Supply Current 

V|N — 0.4V, Rl 

= oo 


18 

30 

mA 

Iee 

Negative Supply Current 

V|N = 0.4V, Rl 

= oo 


-10 

-22 

mA 

I 
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Electrical Characteristics (Notes 2 and 3 ) vee ^ ov 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

High Level Input Voltage 


2 



V 

V|L 

Low Level Input Voltage 




0.8 

V 

l|H 

High Level Input Current 

V|N = 2.4V 


1 

40 

p,A 

V|N ^ 15V 


10 

100 

p,A 

l|L 

Low Level Input Current 

V|N = 0.4V 


-30 

-200 

fiA 

V| 

Input Clamp Voltage 

I|N = -12 mA 



-1.5 

V 

IXA 

IXB 

Output Leakage Current 
Power OFF 

< 

0 

0 

II 

< 

m 

m 

II 

0 

< 

Vo = 15V 


0.01 

0.15 

mA 

Vo = -15V 


-0.01 

-0.15 

mA 


Switching Characteristics ta = 25 c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vcc = 5V, MODE SELECT = 0.8V 

IBI 

Differential Output Rise Time 

Rl = 100ft, Cl = 500 pF (Figure 1) 


120 

200 

ns 


Differential Output Fall Time 

Rl = 100ft, Cl = 500 pF (Figure 1) 


120 

200 

ns 

tpDH 

Output Propagation Delay 

Rl = 100ft, Cl = 500 pF (Figure 1) 


120 

200 

ns 

tpDL 

Output Propagation Delay 

Rl = 100ft, Cl = 500 pF (Figure 1) 


120 

200 

ns 

tpZL 

TRI-STATE Delay 

Rl = 100ft, Cl = 500 pF (Figure 2) 


180 

250 

ns 

tpZH 

TRI-STATE Delay 

Rl = 100ft, Cl = 500 pF (Figure 2) 


180 

250 

ns 

IPLZ 

TRI-STATE Delay 

Rl = 100ft, Cl = 500 pF (Figure 2) 


80 

150 

ns 

tpHZ 

TRI-STATE Delay 

Rl = 100ft, Cl = 500 pF (Figure 2) 


80 

150 

ns 

Vcc = 5V, Vee = -5V, MODE SELECT = 0.8V 

tr 

Differential Output Rise Time 

Rl = 200ft, Cl = 500 pF (Figure 1) 


190 

300 

ns 

tf 

Differential Output Fall Time 

Rl = 200ft, Cl = 500 pF (Figure 1) 


190 

300 

ns 

tpDL 

Output Propagation Delay 

Rl = 200ft, Cl = 500 pF (Figure 1) 


190 

300 

ns 

IpDH 

Output Propagation Delay 

Rl = 200ft, Cl = 500 pF (Figure 1) 


190 

300 

ns 

tpZL 

TRI-STATE Delay 

Rl = 200ft, Cl = 500 pF (Figure 2) 


180 

250 

ns 

tpZH 

TRI-STATE Delay 

Rl = 200ft, Cl = 500 pF (Figure 2) 


180 

250 

ns 

IPLZ 

TRI-STATE Delay 

Rl = 200ft, Cl = 500 pF (Figure 2) 


80 

150 

ns 

tpHZ 

TRI-STATE Delay 

Rl = 200ft, Cl = 500 pF (Figure 2) 


80 

150 

ns 


Note 1: “Absolute Maximum Ratings” are those vaiues beyond which the safety of the device cannot be guaranteed. They are not meantto imply that the devices 
should be operated at these limits. The table of “Electrical Characteristics" provide conditions for actual device operation. 


Note 2: Unless otherwise specified, min/max limits apply across the -55°C to + 125'C temperature range for the DS1692 and across the 0°C to +70°C range for 
the DS3692. All typicals are given for Vcc = and Ta = 25’C. Vcc and Vee as listed in operating conditions. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless othen/vise specified. 
Note 4: Only one output at a time should be shorted. 
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DS16F95/DS36F95 



National 

Semiconductor 


PRELIMINARY 


DS16F95/DS36F95 

RS-485/RS-422 Differential Bus Transceiver 


General Description 

The DS16F95/DS36F95 Differential Bus Transceiver is a 
monolithic integrated circuit designed for bidirectional data 
communication on balanced multipoint bus transmission 
lines. The transceiver meets EIA Standard RS-485 as well 
as RS-422A. 

The DS16F95/DS36F95 offers improved performance due 
to the use of state-of-the art L-FAST bipolar technology. 
The L-FAST technology allows for higher speeds and lower 
currents by utilizing extremely short gate delay times. Thus, 
the DS16F95/DS36F95 features lower power, extended 
temperature range, and improved specifications. 

The DS16F95/DS36F95 combines a TRI-STATE® differen- 
tial line driver and a differential input line receiver, both of 
which operate from a single 5.0V power supply. The driver 
and receiver have an active Enable that can be externally 
connected to function as a direction control. The driver dif- 
ferential outputs and the receiver differential inputs are in- 
ternally connected to form differential input/output (I/O) bus 
ports that are designed to offer minimum loading to the bus 
whenever the driver is disabled or when Vcc = OV. These 
ports feature wide positive and negative common mode 
voltage ranges, making the device suitable for multipoint ap- 
plications in noisy environments. 

The driver is designed to handle loads up to 60 mA of sink 
or source current. The driver features positive and negative 
current-limiting and thermal shutdown for protection from 
line fault conditions. 


The DS16F95/DS36F95 can be used in transmission line 
applications employing the DS96F172 and the DS96F174 
quad differential line drivers and the DS96F173 and 
DS96F175 quad differential line receivers. 

Features 

■ Bidirectional transceiver 

■ Meets EIA Standard RS-422A and RS-485 

■ Meets SCSI specifications 

■ Designed for multipoint transmission 

■ TRI-STATE driver and receiver enables 

■ Individual driver and receiver enables 

■ Wide positive and negative input/output bus voltage 
ranges 

■ Driver output capability -I- 60 mA maximum 

■ Thermal shutdown protection 

■ Driver positive and negative current-limiting 

■ High impedance receiver input 

■ Receiver input sensitivity of ±200 mV 

■ Receiver input hysteresis of 50 mV typical 

■ Operates from single 5.0V supply 

■ Low power version 

■ Extended temperature range 

■ Pin compatible with DS3695 and SN75176A 


Connection Diagram 


Function Tables 


8-Lead Dual-In-Line Package 



TL/F/9629-1 


Top View 

Order Number DS16F95J, DS36F95J or DS36F95N 
See NS Package Number* J08A or N08E 


*For most current package information, contact product marketing. 


Driver 


Differential Inputs 

Enable 

Outputs 

D 

DE 

A 

B 

H 

H 

H 

L 

L 

H 

L 

H 

X 

L 

Z 

Z 


Receiver 


Differential Inputs 

Enable 

Output 

A-B 

RE 

R 

V|D ^ 0.2V 

L 

H 

V|D ^ -0.2V 

L 

L 

X 

H 

Z 


H = High Levei 
L = Low Level 
X = Immaterial 
Z = High Impedance (Off) 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avaiiabiiity and specifications. 

Storage Temperature Range 
Ceramic DiP -65°C to + 175°C 

Molded DIP and SO-8 - 65°C to + 1 50°C 

Lead Temperature 

Ceramic DIP (Soldering, 60 sec.) 300°C 

Molded DIP and SO-8 (Soldering, 1 0 sec.) 265°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 300 mW 

Molded Package 930 mW 

SO Package 810 mW 

Supply Voltage 7.0V 

Differential Input Voltage ± 25V 

Enable Input Voltage 5.5V 

•Derate cavity package 8.7 mW/“C above 25°C; derate molded DIP package 
7.5 mW/°C; derate SO package 6.5 mW°C above 25°C. 


Recommended Operating 
Conditions 



Min 

Typ 

Max 

Units 

Suppiy Voitage (Vcc) 





DS36F95 

4.75 

5.0 

5.25 

V 

DS16F95 

4.50 

5.0 

5.50 

V 

Voltage at Any Bus Terminal 





(Separately or Common Mode) 
(V| orVcM) 

-7.0 


12 

V 

Differential Input 
Voltage (V|d) 

Output Current HIGH (Iqh) 



±12 

V 

Driver 



-60 

mA 

Receiver 



-400 

jliA 

Output Current LOW (Iql) 





Driver 



60 

mA 

Receiver 



16 

Operating Temperature (T^) 





DS36F95 

0 

-f 25 

+ 70 

Op 

DS16F95 

-55 

-t-25 

+ 125 



Driver Electrical Characteristics Over recommended operating conditions, unless otherwise specified 
(Notes 2 & 3) 


Symboi 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VlH 

Input Voltage HIGH 


2.0 



V 

V|L 

Input Voltage LOW 




0.8 

V 

Vqh 

Output Voltage HIGH 

Iqh = — 55 mA 

0°C to + 70°C 

3.0 



V 

VoL 

Output Voltage LOW 

Iql ~ 55 mA 

0°C to + 70“C 



2.0 

V 

V|C 

Input Clamp Voltage 

l| = -18 mA 



-1.3 

V 

IVoDll 

Differential Output Voltage 

lo = 0 mA 



6.0 

V 

IV 0 D 2 I 

Differential Output Voltage 

Rl = icon, Figure 1 

2.0 

2.25 


V 

Rl = 54U, Figure 1 

1.5 

2.0 


VOD 

Differential Output Voltage 

I VcM = -7.0Vto +12V 

1 0°C to + 70°C 

1.5 



V 

a|VodI 

Change in Magnitude of 
Differential Output Voltage 
(Note 4) 

Rl = 54fl or lOOn, Figure 1 



±0.2 

V 

Vqc 

Common Mode Output 
Voltage (Note 5) 



3.0 

V 

a|VocI 

Change in Magnitude of 
Common Mode Output 
Voltage (Note 4) 



±0.2 

V 

Iq 

Output Current (Note 8) 
(Includes Receiver l|) 

Output Disabled 

■ ■ j 

Vo = +12V 



1.0 

mA 

Vo = -7.0V 



-0.8 

l|H 

Input Current HIGH 

V| = 2.4V 



20 

jliA 

l|L 

Input Current LOW 

V| = 0.4V 



-50 

fxA 

los 

Short Circuit Output 
Current (Note 9) 

Vo = -7.0V 



-250 

mA 

Vo = ov 



-150 

< 

0 

II 

< 

0 

0 



150 

Vo = +12V 



250 

Icc 

Supply Current 
(Total Package) 

No Load 

Outputs Enabled 



28 

mA 

Iccx 

Outputs Disabled 



25 



1-93 


DS16F95/DS36F95 






































DS16F95/DS36F95 


Driver Switching Characteristics vcc = s.ov.ta = 25»c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

too 

Differential Output Delay Time 

Rl = eon, Figure 3 

8.0 

15 

20 

ns 

tjD 

Differential Output Transition Time 

8.0 

15 

22 

ns 

tpLH 

Propagation Delay Time, 
Low-to-High Level Output 

Rl = 27H, Figure 4 

e.o 

12 

ie 

ns 

tpHL 

Propagation Delay Time, 
High-to-Low Level Output 

e.o 

12 

ie 

ns 

tZH 

Output Enable Time to High Level 

Rl = 11 on, Figure 5 


25 

32 

ns 

tZL 

Output Enable Time to Low Level 

Rl = 1 ion. Figure 6 


25 

32 

ns 

tHZ 

Output Disable Time from High Level 

Rl = lion, Figures 


20 

25 

ns 

tLZ 

Output Disable Time from Low Level 

Rl = lion, Figures 


20 

25 

ns 

tSKEW 

Driver Output to Output 

Rl = eon 


1.0 

4.0 

ns 


Receiver Electrical Characteristics 

Over recommended operating conditions, unless otherwise specified 


Symboi 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vth 

Differential Input High 
Threshold Voltage 

Vo = 2.7V, lo = -0.4 mA 


■ 

0.2 

n 

Vtl 

Differential Input Low 
Threshold Voltage (Note 8) 

Vo = 0.5V. io = 8.0 mA 

-0.2 

■ 


V 

Vt+ -Vj_ 

Hysteresis (Note 7) 

> 

o 

II 

o 

> 

35 

50 


mV 

V|H 

Enable Input Voltage HIGH 


2.0 



V 

V|L 

Enable Input Voltage LOW 




0.8 

V 

V|C 

Enable Input Clamp Voltage 

l| = -18 mA 



-1.3 

V 

Vqh 

Output Voltage HIGH 

V|D = 200 mV, 
Iqh — —400 jmA, 
Figure 2 

O'Cto +70°C 

2.8 



V 

-55”Cto -M25°C 

2.5 



VoL 

Output Voltage LOW 

V|D = -200 mV. 
Figure 2 

•oL — 8.0 mA 



0.45 

V 

loL — ie mA 



0.50 

loz 

High Impedance State Output 

Vo = 0.4V to 2.4V 



±20 

JU.A 

ll 

Line Input Current (Note 8) 

Other Input = OV 

V| = -I- 12V 



1.0 

mA 

V| = -7.0V 



0.8 

l|H 

Enable Input Current HIGH 

V|H = 2.7V 



20 

/liA 

l|L 

Enable Input Current LOW 

ViL = 0.4V 



-50 

juA 

R| 

Input Resistance 


14 

18 

22 

kn 

los 

Short Circuit Output Current 

(Note 9) 

-15 


-85 

mA 

Icc 

Supply Current (Total Package) 

No Load 

Outputs Enabled 



28 

mA 

■ccx 

Outputs Disabled 



25 
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Receiver Switching Characteristics vcc = s.ov.ta = 25 °c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Propagation Delay Time, 
Low-to-High Level Output 

V|D = OVto +3.0V 
Cl = 1 5 pF, Figure 7 

14 

19 

24 

ns 

tpHL 

Propagation Delay Time, 
High-to-Low Level Output 

14 

19 

24 

ns 

tZH 

Output Enable Time to High Level 

Cl = 1 5 pF, Figure 8 


10 

16 

ns 

tZL 

Output Enable Time to Low Level 


12 

18 

ns 

tHZ 

Output Disable Time from High Level 

Cl = 5.0 pF, Figure 8 


12 

20 

ns 

tLZ 

Output Disable Time from Low Level 


12 

18 

ns 

ItpLH-tPHLi 

Pulse Width Distortion (SKEW) 

Figure 7 


1.0 

4.0 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 55°C to + 1 25“C temperature range for the DS1 6F95 and across the 0“C to + 70°C range for 
the DS36F95. All typicals are given for Vcc = 5V and T^ = 25°C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4: aIVqdI and A|Vocl ate the changes in magnitude of Vqd and Vqc. respectively, that occur when the input is changed from a high level to a low level. 
Note 5: In EIA Standards RS-422A and RS-485, Vqc. which is the average of the two output voltages with respect to ground, is called output offset voltage, Vqs- 
Note 6: The algebraic convention, where the less positive (more negative) limit is designated minimum, is used in this data sheet for common mode input voltage 
and threshold voltage levels only. 

Note 7: Hysteresis is the difference between the positive-going input threshold voltage, Vj+, and the negative-going input threshold voltage, Vj_. 

Note 8: Refer to EIA Standard RS-485 for exact conditions. 

Note 9: Only one output at a time should be shorted. 
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Parameter Measurement Information (Continued) 



TL/F/9629-8 TL/F/9629-9 

FIGURE 5. Driver Enable and Disable Times (tzH> tHz) 



TL/F/9629-10 

FIGURE 6. Driver Enable and Disable Times (tzu t i 7) 



TL/F/9629-12 


FIGURE 7. Receiver Propagation Deiay Times 
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Parameter Measurement Information (Continued) 



TL/F/9629-15 TL/F/9629-16 



FIGURE 8. Receiver Enable and Disable Times 

Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1,0 MHz, 50% duty cycle, t^ S 6.0 ns, tf i 6.0 ns, Zq = 50n. 
Note 2: Cu includes probe and stray capacitance. 

Note 3; DS16F95/DS36F95 Driver enable is Active-High. 

Note 4: All diodes are 1N916 or equivalent. 



Note: 

The line length should be terminated at both ends of its characteristic impedance. 
Stub lengths off the main line should be kept as short as possible. 
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DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698 


National 

Semiconductor 


DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698 
Multipoint RS485/RS422 Transceivers/Repeaters 


General Description 

The DS3695, DS3696, DS3697 and DS3698 are high speed 
differential TRI-STATE® bus/line transceivers/repeaters 
designed to meet the requirements of EIA standard RS485 
with extended common mode range ( + 12V to -7V), for 
multipoint data transmission. In addition they meet the re- 
quirements of RS422. 

The driver and receiver outputs feature TRI-STATE capabili- 
ty. The driver outputs remain in TRI-STATE over the entire 
common mode range of -I- 12V to — 7V. Bus faults that 
cause excessive power dissipation within the device trigger 
a thermal shutdown circuit, which forces the driver outputs 
into the high impedance state. The DS3696 and DS3698 
provide an output pin which reports the occurrence of a line 
fault causing thermal shutdown of the device. This is an 
“open collector” pin with an internal 10 kft pull-up resistor. 
This allows the line fault outputs of several devices to be 
wire OR-ed. 

The receiver incorporates a fail safe feature which guaran- 
tees a high output state when the inputs are left open. 

Both AC and DC specifications are guaranteed over the 0 to 
70°C temperature and 4.75V to 5.25V supply voltage range. 


Features 

■ Meets EIA standard RS485 for multipoint bus transmis- 
sion and RS422 

■ 1 5 ns driver propagation delays with 2 ns skew (typical) 

■ Single 4- 5V supply 

■ -7V to -I- 12V bus common mode range permits ±7V 
ground difference between devices on the bus 

■ Thermal shutdown protection 

■ Power-up/down glitch-free driver outputs permit live in- 
sertion or removal of transceivers 

■ High impedance to bus with driver in TRI-STATE or 
with power off, over the entire common mode range al- 
lows the unused devices on the bus to be powered 
down 

■ Combined impedance of a driver output and receiver in- 
put is less than one RS485 unit load, allowing up to 32 
transceivers on the bus 

■ 70 mV typical receiver hysteresis 


Connection and Logic Diagrams 



TL/F/5272-1 TL/F/5272-2 

Top View Top View 



TL/F/5272-3 TL/F/5272-4 

Top View Top View 

Moided Dual-ln-Line Package (N) 

Order Number DS3695J, DS3696J, DS3697J, DS3698J, DS3695M, DS3696M, DS3695N, 

DS3696N, DS3697N, DS3698N, DS3695TN, DS3696TN, DS3695TJ or DS3696TJ 
See NS Package Number J08A, M08A or N08E 
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Absolute Maximum Ratings (Notei) 


If Military/Aerospace specified devices are required, Continuous Power Dissipation @ 25°C 


contact the National Semiconductor 

Sales Office/ 

N Package 

1.07W (Note 4) 

Distributors for avaiiabiiity and specifications. 

M Package 

630 mW (Note 5) 

Supply Voltage, Vcc 

7V 

Storage Temp. Range 

-65°C to +150“C 

Control Input Voltages 

7V 

Lead Temp. (Soldering 4 seconds) 

260°C 

Driver Input Voltage 
Driver Output Voltages 

7V 

-M5V/-10V 

Recommended Operating 

Receiver Input Voltages 
(DS3695, DS3696) 

-h15V/-10V 

Conditions 

Min 

Max Units 

Receiver Common Mode Voltage 
(DS3697, DS3698) 

±25V 

Supply Voltage, Vcc 4.75 

Bus Voltage -7 

5.25 V 

+ 12 V 

Receiver Output Voltage 

5.5V 

Operating Free Air Temp. (Ta) 
Commercial 0 

Industrial -40 

+ 70 °C 

+ 85 °C 


Electrical Characteristics o-c ^ Ta ^ 70°C. 4.7SV < Vcc < 5.25V unless otherwise specified (Notes 2 & 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vqdi 

Differential Driver Output 
Voitage (Unloaded) 

Iq = 0 



5 

V 

VqD2 

Differential Driver Output 
Voltage (with Load) 

(Figure 1) 

R = 50n; (RS-422) (Note 6) 

2 



V 

R = 27 n; (RS-485) 

1.5 



V 

aVqd 

Change in Magnitude of Driver 
Differential Output Voltage For 
Complementary Output States 

(Figure 1) 

R = 27n 



0.2 

V 

Vqc 

Driver Common Mode Output Voltage 



3.0 

V 

a|VocI 

Change in Magnitude of Driver 
Common Mode Output Voltage 
For Complementary Output States 



0.2 

V 

V|H 

Input High Voltage 

DI,DE, 
RE, E 


2 



V 

V|L 

Input Low Voltage 




0.8 

V 

VcL 

Input Clamp Voltage 

iiN = -18 mA 



-1.5 

V 

l|L 

Input Low Current 

V|L = 0.4V 



-200 

jliA 

IlH 

Input High Current 

V|H = 2.4V 



20 

jliA 

l|N 

Input Current 

DO/RI,DO/RI 

RI,Ri 

Vcc = OV or 5.25V 
DE/E = OV 

V|N= 12V 



+ 1.0 

mA 

V|N = -7V 



-0.8 

mA 

Iqzd 

TRI-STATE Current 
DS3697 & DS3698 

DO, DO 

Vcc = OV or 5.25V, E = OV 
-7V < Vo < +12V 



±100 

/liA 

Vth 

Differential Input Threshold 
Voltage for Receiver 

-7V ^ VcM ^ +12V 

-0.2 


+ 0.2 

V 

AVth 

Receiver Input Hysteresis 

< 

o 

II 

o 

< 


70 


mV 

VoH 

Receiver Output High Voltage 

iOH = “400 fxA 

2.4 



V 

VoL 

Output Low Voltage 

RO 

Iql = 16 mA (Note 6) 



0.5 

V 

LF 

Iql = 8 mA 



0.45 

V 

Iqzr 

OFF-State (High Impedance) 
Output Current at Receiver 

Vcc = Max 

0.4V ^ Vo ^ 2.4V 



±20 

fiA 

Rin 

Receiver Input Resistance 

-7V ^ VcM ^ +12V 

12 



kfl 

Icc 

Supply Current 

No Load 
(Note 6) 

Driver Outputs Enabled 


42 

60 

mA 

Driver Outputs Disabled 


27 

40 

mA 
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Electrical Characteristics 

0°C ^ Ta ^ 70°C, 4.75V < Vcc < 5.25V unless otherwise specified (Notes 2 & 3) (Continued) 


Symbol 

Parameter 

Conditions 

Min 


Max 

Units 

lOSD 

Driver Short-Circuit 
Output Current 

Vo = -7V(Note6) 



-250 

mA 

Vo = OV (Note 6) 



-150 

mA 

Vo = + 12V (Note 6) 



-t-250 

mA 

loSR 

Receiver Short-Circuit 
Output Current 

> 

o 

II 

o 

> 

-15 


-85 

mA 


Note 1: "Absolute maximum ratings" are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device shouid be 
operated at these limits. The tabies of “Electrical Characteristics” provide conditions for actuai device operation. 

Note 2; AN currents into device pins are positive; ali currents out of device pins are negative. AN voitages are referenced to device ground unless otherwise 
specified. 

Note 3: AN typicals are given for Vcc = 5V and Ta = 25°C. 

Note 4: Derate linearly at 1 1 .1 mW/°C to 570 mW at 70”C. 

Note 5: Derate linearly at 6.5 mW/“C to 337 mW at 70“C. 

Note 6: All limits for which Note 6 is appiied must be derated by 10% for DS3695T and DS3696T. Other parameters remain the same for these extended 
temperature range devices (-40°C ^ Ta i +85°C). 


Receiver Switching Characteristics (Figures 1, 2 and 3 ) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Cl = 15 pF 
SI and S2 
Closed 

15 

25 

37 

ns 

tpHL 

15 

25 

37 

ns 

ItpLH-tpHlI 

0 



ns 

tpLZ 

Cl = 15 pF, S2 Open 

5 

12 

16 

ns 

tpHZ 

Cl = 15 pF, S1 Open 

5 

12 

16 

ns 

tpZL 

Cl = 15 pF, S2 Open 

7 

15 

20 

ns 

tpZH 

Cl = 15 pF, Si Open 

7 

15 

20 

ns 

Driver Switching Characteristics (Figures 4, 5and 6) 

Symbol | Conditions | Min | Typ | Max | Units 

SINGLE ENDED CHARACTERISTICS 

tpLH 

^i-DIFF 

ClI = Cl 2 = 100 pF 

9 

15 

22 

ns 

tpHL 

9 

15 

22 

ns 

tSKEwItPLH-tPHLi 

0 

2 

8 

ns 

tpLZ 

Cl = 15 pF, S2 0pen 

7 

15 

30 

ns 

tpHZ 

Cl = 15 pF, Si Open 

7 

15 

30 

ns 

tpZL 

Cl = 100 pF, S2 Open 

30 

35 

50 

ns 

tpZH 

Cl = 100 pF, SI Open 

30 

35 

50 

ns 

Differential Switching Characteristics (hoxqi, F igure?) 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

tr. tf 

^i-DIFF ~ 

Cli = Cl 2 — 100 pF 

6 

10 

18 

ns 

tpLHD 




ns 

tpHLD 




ns 

ItpLHD-tpHLol 




ns 


Note 7: Differential Delays are defined as calcuiated results from single ended rise and fall time measurements. This approach in estabiishing AC performance 
specifications has been taken due to limitations of availabie Automatic Test Equipment (ATE). 

The calcuiated ATE resuits assume a iinear transition between measurement points and are a result of the following equations: 


^ (Tfb X Trb) - (Tra x Tfa) 

~ Trb - Tra - Tfa + Tfb 
Where: Ter = Crossing Point 

Tra, Trb, Tfa and Tfb are time measurements with respect to the input. 
See figure following page. 
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Switching Time Waveforms 




TL/F/5272-6 

FIGURE 1. Receiver Propagation Delay Test Circuit 
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DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698 



DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698 


AC Test Circuits and Switching Waveforms (Continued) 



Note: Unless otherwise specified TL/F/5272-9 

the switches are closed. 


FIGURE 4. Driver Propagation Delay Test Circuits 



TL/F/5272-11 

FIGURE 5. Driver Input-to-Output Propagation Delay Timing (Single-Ended) 



TL/F/5272-13 


FIGURE 7. Driver Differential Input-to-Output Propagation Delay and Differential Transition Timing 
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DS3695/DS3696 Channel Distortion (Note 8, Figures 8, 9 ) 


Symbol 

Parameter 

Conditons 

Max 

Units 

tpRR 

The difference of any 
two input to output 
propagation delays between 
any two receivers. 

ATa ^ 25°C 
AVcc ^ 200 mV 
(4.75V ^ Vcc ^ 5.25V) 

9 

ns 

tPDD 

The difference of any 
two differential input 
to output propagation 
delays between any 
two drivers. 

Measured between any 
two parts on the 
same interface channel. 

6 

ns 


+5VDC 



TL/F/5272-15 

25 MBS Driver Propagation Delay Test Circuit 



TL/F/5272-16 TL/F/5272-17 

FIGURE 8. 25 MBS Receiver Propagation Deiay Timing FIGURE 9. 25 MBS Driver Propagation Delay Timing 

Note 8: Specified to meet the 25 Mbyte Intelligent Peripheral Interface (IPI) requirements. 
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DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698 


Function Tables 

DS3695/DS3696 T ransmitting 


Inputs 

Line 

Condition 

Outputs 

RE 

DE 

Dl 

DO 

DO 

LF* 

(DS3696 Only) 

X 

1 

1 

No Fault 

0 

1 

H 

X 

1 

0 

No Fault 

1 

0 

H 

X 

0 

X 

X 

z 

z 

H 

X 

1 

X 

Fault 

z 

z 

L 


DS3695/DS3696 Receiving 



Inputs 


Outputs 

RE 

DE 

RI-RI 

RO 

LF* 

(DS3696 Only) 

0 

0 

^+0.2V 

1 

H 

0 

0 

^ -0.2 V 

0 

H 

0 

0 

Inputs Open’** 

1 

H 

1 

0 

X 

z 

H 


DS3697/DS3698 


Inputs 

Line 

Condition 

Outputs 

E 

RI-RI 

DO 

DO 

RO/DI 

(DS3697 Only) 

LF* 

(DS3698 Only) 

1 

S+0.2V 

No Fault 

0 

1 

1 

H 

1 

^-0.2V 

No Fault 

1 

0 

0 

H 

1 

Open** 

No Fault 

0 

1 

1 

H 

0 

X 

X 

z 

z 

z 

H 

1 

^+0.2V 

Fault 

z 

z 

1 

L 

1 

^-0.2V 

Fault 

z 

z 

0 

L 


X — Don’t care condition 
Z — High impedance state 

Fault — Improper line conditions causing excessive power dissipation in the driver, such as shorts or bus contention situations 
•LF is an "open collector" output with an on-chip 10 kfl pull-up resistor 

** This is a fali safe condition 

Typical Application 
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National 

Semiconductor 


DS55107/DS55108/DS75107/DS75108/DS75208 
Dual Line Receivers 


General Description 

The products described herein are TTL compatible dual 
high speed circuits intended for sensing in a broad range of 
system applications. While the primary usage will be for line 
receivers of MOS sensing, any of the products may effec- 
tively be used as voltage comparators, level translators, 
window detectors, transducer preamplifiers, and in other 
sensing applications. As digital line receivers the products 
are applicable with the SN55109/SN75109 and fxA75110/ 
DS75110 companion drivers, or may be used in other bal- 
anced or unbalanced party-line data transmission systems. 
The improved input sensitivity and delay specifications of 
the DS75208 make it ideal for sensing high performance 
MOS memories as well as high sensitivity line receivers and 
voltage comparators. 

Input protection diodes are incorporated in series with the 
collectors of the differential input stage. These diodes are 


useful in certain applications that have multiple Vcc+ sup- 
plies or Vcc+ supplies that are turned off. 

Features 

■ Diode protected input stage for power “OFF” condition 

■ 17 ns typ high speed 

■ TTL compatible 

■ ±10 mV or ±25 mV input sensitivity 

■ ±3V input common-mode range 

■ High input impedance with normal Vcc. or Vcc = OV 

■ Strobes for channel selection 

■ Dual circuits 

■ Sensitivity gntd. over full common-mode range 

■ Logic input clamp diodes — meets both “A” and “B” 
version specifications 

■ ±5V standard supply voltages 


Connection Diagram 


Dual-ln-Line Package 

INPUT INPUT OUTPUT STROBE 



Top View 

Order Number DS55107J, DS75107J, DS55108J, DS75108J, DS75208J, DS75107N, DS75108N or DS75208N 

See NS Package Number J14A or N14A 


Selection Guide 


Temperature —* 

-55°C ^ Ta S ±125°C 

O'C ^ Ta ^ ± 70°C 

Package —>■ 

Cavity Dip 

Cavity or Molded Dip 

Input Sensitivity —*■ 
Output Logic i 

±25 mV 

±25 mV 

±10 mV 

TTL Active Pull-Up 

DS55107 

DS75107 


TTL Open Collector 

DS55108 

DS75108 

DS75208 





DS55 1 07/DS551 08/DS75 1 07/DS75 1 08/DS75208 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage, Vcc + 7V 

Supply Voltage, Vcc“ — 7V 

Differential I nput Voltage + 6V 

Common Mode Input Voltage ± 5V 

Operating Conditions 


strobe Input Voltage 5.5V 

Storage Temperature Range - 65°C to + 1 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 308 mW 

Molded Package 1207 mW 

Lead Temperature (Soldering, 4 sec) 260°C 

•Derate cavity package 8.7 mW/°C above 25°C; derate molded package 9.7 
mW/°C above 25°C. 



DS55107, 

DS55108 

DS75107, 
DS75108, DS75208 

Supply Voltage Vcc+ 

Min 

Nom 

Max 

Min 

Nom 

Max 

4.5V 

5V 

5.5V 

4.75V 

5V 

5.25V 

Supply Voltage Vcc “ 

-4.5V 

-5V 

-5.5V 

-4.75V 

-5V 

-5.25V 

Operating Temperature Range 

-55°C 

to 

-l-125°C 

0°C 

to 

-h70°C 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2. Unless otherwise specified min/max limits apply across the — 55°C to + 125°C temperature range for the DS55107 and DS55108 and across the 0°C to 
+ 70°C range for the DS75107, DS75108 and DS75208. All typical values are for Ta = 25°C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless othenvise noted. All values shown 
as max or min on absolute value basis. 


DS55107/DS75107, DS55108/DS75108 
Electrical Characteristics tmin ^ ta ^ tmax (Notes 2, 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

l|H 

High Level Input Current 
intoAl, B1, A2 or B2 

Vcc+ Max, Vcc— = Max, 
V|D = 0.5V, V|c = -3Vto3V 


30 

75 

juA 

l|L 

Low Level Input Current 
into A1, B1, A2 or B2 

Vcc+ “ Max, Vcc- ~ Max, 
V|D = -2V,Vic = -3Vto3V 



-10 

/xA 

l|H 

High Level Input Current 
into G1 orG2 

Vcc+ = Max, 
Vcc- = Max 

V|H(S) = 2.4V 



40 

mA 




1 

mA 

l|L 

Low Level Input Current 
intoGI orG2 

Vcc+ = Max, Vcc- " Max, 
V|L(S) = 0.4V 


■ 

-1.6 

mA 

l|H 

High Level Input Current into S 

Vcc+ = Max, 
Vcc- = Max 




80 

JU.A 

V|H(S) = Max Vcc+ 



2 

mA 

l|L 

Low Level Input Current into S 

Vcc+ = Max, Vcc- = Max, 
ViL(S) = 0-4V 



-3.2 

mA 

VOH 

High Level Output Voltage 

Vcc+ — Min, Vcc— ~ Min, 

IloAD = -400 (uiA, V|o = 25 mV, 
V|c = -3Vto3V,(Note3) 

B 

■ 

■ 

V 

VoL 

Low Level Output Voltage 

Vcc+ = Min, Vcc- ^ Min, 
IsiNK = IS mA, V|p = —25 mV, 
V|c = -3Vto3V 

■ 

■ 

0.4 

V 

lOH 

High Level Output Current 

Vcc+ = Min, Vcc- == Min 
Vqh = Max Vcc +> (Note 4) 


■ 

250 

fxA 

Iqs 

Short Circuit Output Current 

Vcc+ = Max, Vcc- = Max, 
(Notes 2 and 3) 

-18 


-70 

mA 

ICCH + 

High Logic Level Supply 
Current from Vcc 

Vcc+ = Max, Vcc- = Max, 
V|D = 25 mV, Ta = 25*C 


18 

30 

mA 

ICCH- 

High Logic Level Supply 
Current from Vcc 

Vcc+ = Max, Vcc- = Max, 
V|D = 25 mV, Ta = 25°C 


-8.4 

-15 

mA 

V| 

Input Clamp Voltage on G or S 

^cc+ Min, Vcc— ” Min, 
l|N = — 12 mA, Ta = 25°C 


-1 

-1.5 

V 
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Switching Characteristics vcc+ = sv.vcc- = -sv.ta = 25°c 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tPLH(D) 

Propagation Delay Time, Lo\« to 
High Level, from Differential 
Inputs A and B to Output 

Rl = 390fl, C|_ = 50 pF, 
(Note 1) 

(Note 3) 


17 

25 

ns 

(Note 4) 


19 

25 

ns 

tpHL(D) 

Propagation Delay Time, High to 
Low Level, from Differential 
Inputs A and B to Output 

Rl = 39on, Cl = so pF, 
(Note 1) 

(Note 3) 


17 

25 

ns 

(Note 4) 


19 

25 

ns 

tpLH(S) 

Propagation Delay Time, Low to 
High Level, from Strobe Input G 
or S to Output 

Rl = 390ft, Cl = 50 pF 

(Note 3) 


10 

15 

ns 

(Note 4) 


13 

20 

ns 

tpHL(S) 

Propagation Delay Time, High to 
Low Level, from Strobe Input G 
orS to Output 

Rl = 390ft, Cl = 50 pF 

WiBIIScH 


8 


ns 


m 

ID 


ns 

Note 1: Differential input is +100 mV to - 100 mV pulse. Delays read from 0 mV on input to 1.5V on output. 
Note 2: Only one output at a time should be shorted. 

Note 3: DS55107/DS75107 only. 

Note 4; DS55108/DS75108 only. 

DS75208 

Electrical Characteristics o°c ^ ta ^ +70"c 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

l|H 

High Level Input Current 
into A1, B1, A2 or B2 

Vcc+ = Max, Vcc- = Max, 
V|D = 0.5V, V|c = -3Vto3V 

■ 

30 

75 

fiA 

l|L 

Low Level Input Current 
into A1, B1, A2 or B2 

Vcc+ ~ Max, Vcc- ~ Max, 
V|D = -2V,V|c = -3Vto3V 

■ 


-10 

JU.A 

l|H 

High Level Input Current 
into G1 orG2 

Vcc+ = Max, 
Vcc- = Max 

V|H(S) = 2.4V 



40 

JU.A 

V|H(S) = Max Vcc + 



1 

mA 

l|L 

Low Level Input Current 
into G1 orG2 

Vcc+ ~ Max, Vcc- ~ Max, 
V|L(S) = 0.4V 

■ 


-1.6 

mA 

l|H 

High Level Input Current into S 

Vcc+ = Max, 
Vcc- = Max 

V|H(S) = 2.4V 



80 

fiA 

V|H(S) = Max Vcc + 



2 

mA 

l|L 

Low Level Input Current into S 

Vcc+ = Max, Vcc- = Max, 
V|L(S) = 0.4V 



-3.2 

mA 

VoL 

Low Level Output Voltage 

Vcc+ ~ Min, Vcc— = Min, 
IsiNK = 16 mA, V|Q =—10 mV, 
V|c = -3Vto3V 



0.4 

V 

>OH 

High Level Output Current 

^CC+ ~ Min, Vcc— = Min, 
Vqh = MaxVcc+ 



250 

}iA 

ICCH + 

High Logic Level Supply 
Current from Vcc+ 

Vcc+ ~ Max, Vcc- ~ Max, 
V|D = 10mV,TA = 25°C 


18 

30 

mA 

ICCH- 

High Logic Level Supply 
Current from Vcc- 

Vcc+ ~ Max, Vcc- ~ Max, 
V|D = 10mV,TA = 25”C 


m 

-15 

mA 

V| 

Input Clamp Voltage on G or S 

Vcc+ ~ Min, Vcc— ~ Min, 
l|(\l = — 1 2 mA, Ta = 25°C 


-1 

-1.5 

V 
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Switching Characteristics vcc+ = sv.vcc- = -bv.ta = 2 s°c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH(D) 

Propagation Delay Time, Low-to- 
High Level, from Differential 
Inputs A and B to Output 

Rl = 470n. Cl = 15 pF, (Note 1) 



35 

ns 

tpHL(D) 

Propagation Delay Time, High-to- 
Low Level, from Differential 
Inputs A and B to Output 

Rl = 470n, Cl = 15 pF, (Note 1) 

■ 

m 

20 

ns 

tpLH(S) 

Propagation Delay Time, Low-to- 
High Level, from Strobe Input G 
or S to Output 

Rl = 470n,CL = 15pF 

■ 


17 

ns 

tpHL(S) 



Propagation Delay Time, High-to- 
Low Level, from Strobe Input G 
or S to Output 

Rl = 470n.CL = 15pF 

■ 

■ 

17 

ns 


Note 1: Differential input is +10 mV to -30 mV pulse. Delays read from 0 mV on input to 1.5V on output. 


Typical Applications 

Basic Balanced-Line Transmission System 


P 
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Typical Applications (Continued) 


Data-Bus or Party-Line System 



APPLICATION 

The DS55107, DS75107 dual line circuits are designed spe- 
cifically for use in high speed data transmission systems 
that utilize balanced, terminated transmission lines such as 
twisted-pair lines. The system operates in the balanced 
mode, so that noise induced on one line is also induced on 
the other. The noise appears common mode at the receiver 
input terminals where it is rejected. The ground connection 
between the line driver and receiver is not part of the signal 
circuit so that system performance is not affected by circu- 
lating ground currents. 

The unique driver output circuit allows terminated transmis- 
sion lines to be driven at normal line impedances. High 
speed system operation is ensured since line reflections are 
virtually eliminated when terminated lines are used. Cross- 
talk is minimized by low signal amplitudes and low line im- 
pedances. 

The typical data delay in a system is approximately (30 + 
1.3L) ns, where L is the distance in feet separating the driv- 
er and receiver. This delay includes one gate delay in both 
the driver and receiver. 

Data is impressed on the balanced-line system by unbalanc- 
ing the line voltages with the driver output current. The driv- 
en line is selected by appropriate driver input logic levels. 
The voltage difference is approximately: 

Vdiff = V 2 lo(on) X Rt (1) 

High series line resistance will cause degradation of the sig- 
nal. The receivers, however, will detect signals as low as 


25 mV (or less). For normal line resistances, data may be 
recovered from lines of several thousand feet in length. 
Line termination resistors (R-j-) are required only at the ex- 
treme ends of the line. For short lines, termination resistors 
at the receiver only may prove adequate. The signal ampli- 
tude will then be approximately: 

Vdiff = lo(on) X Rt (2) 

The strobe feature of the receivers and the inhibit feature of 
the drivers allow the DS55107, DS75107 dual line circuits to 
be used in data-bus or party-line systems. In these applica- 
tions, several drivers and receivers may share a common 
transmission line. An enabled driver transmits data to all 
enabled receivers on the line while other drivers and receiv- 
ers are disabled. Data is thus time multiplexed on the trans- 
mission line. The DS55107, DS75107 device specifications 
allow widely varying thermal and electrical environments at 
the various driver and receiver locations. The data-bus sys- 
tem offers maximum performance at minimum cost. 

The DS55107, DS75107 dual line circuits may also be used 
in unbalanced or single line systems. Although these sys- 
tems do not offer the same performance as balanced sys- 
tems for long lines, they are adequate for very short lines 
where environment noise is not severe. 

The receiver threshold level is established by applying a DC 
reference voltage to one receiver input terminal. The signal 
from the transmission line is applied to the remaining input. 
The reference voltage should be optimized so that signal 


1-109 


DS55107/DS55108/DS75107/DS75108/DS75208 



DS55107/DS55108/DS75107/DS75108/DS75208 


Typical Applications (Continued) 

swing is symmetrical about it for maximum noise margin. 
The reference voltage should be in the range of -3.0V to 
+ 3.0V. It can be provided by a voltage supply or by a volt- 
age divider from an available supply voltage. 

Unbalanced or Single-Line Systems 

I )0— - OUTPUT 

STROBES 

TL/F/9446-4 

Precautions in the Use of DS1603, DS3603, DS55107, 
DS75107, DS75108 and DS75208 Dual Line Receivers 

The following precaution should be observed when using or 
testing DS55107, DS75107 line circuits. 

When only one receiver in a package is being used, at least 
one of the differential inputs of the unused receiver should 
be terminated at some voltage between -3.0V and +3.0V, 
preferably at ground. Failure to do so will cause improper 
operation of the unit being used because of common bias 
circuitry for the current sources of the two receivers. 

The DS55107, DS75107 and DS75108 line receivers fea- 
ture a common mode input voltage range of ±3.0V. This 
satisfies the requirements for all but the noisiest system ap- 
plications. For these severe noise environments, the com- 
mon mode range can be extended by the use of external 
input attenuators. Common mode input voltages can in this 
way be reduced to ±3.0V at the receiver input terminals. 
Differential data signals will be reduced proportionately. In- 
put sensitivity, input impedance and delay times will be ad- 
versely affected. 

The DS75108 line receivers feature an open-collector-out- 
put circuit that can be connected in the DOT-OR logic con- 
figuration with other DS75108 outputs. This allows a level of 
logic to be implemented without addtional logic delay. 

Increasing Common Mode Input 
Voltage Range of Receiver 



DS75108 Wired-OR Output Connections 



Circuit Differences Between Industry Standard 
75107/75108 A and B Versions 

The essential difference between the “A” and “B” versions 
is shown in the following schematics of the input state: 

A Version 



R1 



TL/F/9446-7 


B Version 
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Typical Applications (Continued) 

The input protection diodes are useful in certain party-line 
systems which may have multiple V+ power supplies and, 
in which case, may be operated with some of the V+ sup- 
plies turned off. In such a system, if a supply is turned off 
and allowed to go to ground, the equivalent input circuit 
connected to that supply would be as follows: 

A Version 



TL/F/9446-9 


This would be a problem in specific systems which might 
possibly have the transmission lines biased to some poten- 
tial greater than 1.4V. Since this is not a widespread appli- 
cation problem, both the A and B versions will be available. 
The ratings and characteristic specifications of the B ver- 
sions are the same as those of the A versions. 

The DS75107/DS75108/DS75208 feature the protective di- 
odes shown in the B version below. The /J.A55107A/ 
DS55107A feature the A version input stage. 



Schematic Diagrams 



TL/F/9446-11 


Note 1: V 2 of the dual circuit is shown. 

Note 2: ’Indicates connections common to second half of dual circuit. 

Note 3; Components shown with dash lines are applicable to the DS55107, DS75207 and DS75107 only. 
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DS551 10A//XA551 10A/DS751 10A/|liA751 10A 


National 

Semiconductor 


DS551 10A/jaA551 10A/DS751 10A/jaA751 10A 
Dual Line Drivers 


General Description 

The DS55110A/)mA55110A, DS75110A/nA75110A are 
dual line drivers with independent channels, common supply 
and ground terminals featuring constant current outputs. 
These drivers are designed for optimum performance when 
used with the DS55107/DS75107, DS55108/DS75108 line 
receivers. 

The output current of the DS551 10A/fi,A55110A, 
DS75110 A/jliA 75110A is nominally 12 mA and may be 
switched to either of two output terminals with the appropri- 
ate logic levels at the driver input. 

Separate or common control inputs are provided for in- 
creased logic versatility. These control or inhibit inputs allow 
the output current to be switched off (inhibited) by applying 
low logic levels to the control inputs. The output current in 
the inhibit mode, lo(Off). 'S specified so that minimum line 
loading is induced. This is highly desirable in system appli- 
cations using party line data communications. 


Features 

■ No output transients on power-up or down 

■ Improved stability over supply voltage and temperature 
ranges 

■ Constant current, high impedance outputs 

■ High speed 1 5 ns 

■ Standard supply voltages 

■ Inhibitor available for driver selection 

■ High common mode output voltage range 
(-3.0V to 10V) 

■ TTL input compatibility 

■ Extended temperature range 


Connection Diagram 


Function Tabie 


14-Lead Dual-ln-Llne Package 
and SO-14 Package 



V+ 

OUT A2 
OUT A1 

V- 

iNH COMMON 
OUT B1 
OUT B2 


Top View 

Order Number DS551 10AJ, DS751 10AJ, 
jliASSIIOADM, jliA 75110ADC 
See NS Package Number J14A* 

Order Number DS75110AM or ju.A75110ASC 
See NS Package Number M14A 

Order Number DS75110AN or |xA75110APC 
See NS Package Number N14A 


Inputs 

Logic 

Inhibitor 

A 

B 

C 

D 

X 

X 

L 

X 

X 

X 

X 

L 

L 

X 

H 

H 

X 

L 

H 

H 

H 

H 

H 

H 


Outputs 


A1/B1 

A2/B2 

Off 

Off 

Off 

Off 

On 

Off 

On 

Off 

Off 

On 


H = High, L = Low, X = Don’t Care 


•For most current package information, contact product marketing. 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Storage Temperature Range 
CeramicDIP -65°Cto +175°C 

Molded DIP and SO-1 4 - 65°C to + 1 SO^C 

Lead Temperature 

Ceramic DIP (Soldering, 60 sec.) 300°C 

Molded DIP and SO-1 4 

(Soldering, 10 sec.) 265°C 

Recommended Operating Conditions 


Maximum Power Dissipation* at 25°C 
Cavity Package 1 360 mW 

Molded Package 1040 mW 

SO Package 930 mW 

'Derate cavity package 9.1 mW/'C above 25°C; derate molded DIP package 
8.3 mW/°C above 25°C; derate SO package 7.5 mW/°C above 25”C. 

Suppy Voltage ± 7.0V 

Input Voltage (Any Input) 5.5V 

Output Voltage (Any Output) — 5.0V to -f 1 2V 



DS55110A//i.A55110A 

DS75110A/jaA75110A 

Units 


Min 

Typ 

Max 

Min 

Typ 

Max 

Positive Supply Voltage (V+) 

4.5 

5.0 

5.5 

4.75 

5.0 

5.25 

V 

Negative Supply Voltage (V~) 

-4.5 

-5.0 

-5.5 

-4.75 

-5.0 

-5.25 

V 

Positive Common Mode Voltage (Vcm^) 

0 


10 

0 


10 

V 

Negative Common Mode Voltage (Vcm“) 

0 


-3.0 

0 


-3.0 

V 

Operating Temperature (Ta) 

-55 

25 

125 

0 

25 

70 

°c 


Electrical Characteristics 

Over recommended operating temperature range, unless otherwise specified. (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input Voltage HIGH 


2.0 



V 

V|L 

Input Voltage LOW 




0.8 

V 

V|C 

Input Clamp Voltage 

Vcc = Min, l| = -12 mA 


-0.9 

-1.5 

V 

lO(On) 

On-State 
Output Current 

Vcc = Max, Vo = 10V 


12 

15 

mA 

Vcc = Min, Vo = -3.0V 

6.5 

12 


lO(Off) 

Off-State Output Current 

Vcc = Min, Vo = 10V 



100 

fiA 

l| 

Input Current 
At Maximum 
Input Voltage 

A, BorC 
Inputs 

Vcc = Max, V| = 5.5V 



1.0 

mA 

D Input 



2.0 

l|H 

Input Current HIGH 

A, B or C 
Input 

Vcc Max, V| = 2.4V 



40 

/J.A 

D Input 



80 

l|L 

Input Current LOW 

A, B orC 
Input 

Vcc = Max, V| = 0.4V 



-3.0 

mA 

D Input 



-6.0 

l + (On) 

Positive Supply Current 
with Driver Enabled 

Vcc = Max, 

A & B Inputs at 0.4V, 
C & D Inputs at 2.0V 


23 

35 

mA 

l“(On) 

Negative Supply Current 
with Driver Enabled 


-34 

-50 

mA 

l + (Off) 

Positive Supply Current 
with Driver Inhibited 

Vcc = Max, 

A, B, C & D Inputs 
at 0.4V 


21 


mA 

'-(Off) 

Negative Supply Current 
with Driver Inhibited 


-17 


mA 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics" provide conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 55”C to + 1 25’C temperature range for the DS551 1 0 and across the 0°C to + 70°C range for 
the DS751 10. All typicals are given for Vcc = 5V and Ta = 25”C. 

Note 3: When using only one channel of the line drivers, the other channel should be inhibited and/or its outputs grounded. 
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DS551 10A/jliA551 10A/DS751 10A/jliA751 10A 


Symbol 

Parameter 

Conditions 

From 

(input) 

To 

(Output) 

Min 

Typ 

Max 

Units 

tpLH 

Propagation Delay Time, LOW to HIGH 

Cl = 40 pF, 

Rl = son 

See Test Circuit 

AorB 

1 or2 


9.0 

15 

ns 

tpHL 

Propagation Delay Time, HIGH to LOW 


9.0 

15 

ns 

tpLH 

Propagation Delay Time, LOW to HIGH 

C or D 

1 or 2 


16 

25 

ns 

tpHL 

Propagation Delay Time, HIGH to LOW 


13 

25 

ns 


Switching Characteristics vcc = ±5 v,ta = 2 s°c 



Note 1: The pulse generators have the following characteristics: 

tr = tf = 10 ns ±5.0 ns, t^, = 500 ns, PRR = 1.0 MHz, tw 2 = 1.0 ixs, PRR = 500 kHz, Zq = 50fl. 
Note 2: C|_ includes probe and jib capacitance. 

Note 3: For simpiicity, oniy one channel and the inhibitor connections are shown. 

FIGURE 2. AC Test Circuit 



3V 

OV 

3V 

OV 

OFF 

ON 

OFF 

ON 


OUTPUT 2 


OUTPUT 1 
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DS551 10A/jnA551 10A/DS751 10A/jliA751 10A 


Typical Applications 



SHIELD OR COMMON GROUND RETURN 

FIGURE 4. Simplex Operation 


TL/F/9619-5 



PORT 

ENABLES 


DATA 

IN 


DATA 

OUT 


TL/F/9619-6 


Note 1: All drivers are DS751 10A//iA751 10A or DS551 10A/fiA551 10A. Receivers are DS75107 or DS75108. Twisted-pair or coaxial transmission line should 
be used for minimum noise and cross talk. 

Note 2: When only one driver in a package is being used, the outputs of the other driver should either be grounded or inhibited to reduce power dissipation. 
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National 

Semiconductor 


DS551 13/DS751 13 Dual TRI-STATE® 
Differential Line Driver 


General Description 

The DS55113/DS75113 dual differential line drivers with 
TRI-STATE outputs are designed to provide all the features 
of the DS55114/DS75114 line drivers with the added fea- 
ture of driver output controls. There are individual controls 
for each output pair, as well as a common control for both 
output pairs. When an output control is low, the associated 
output is in a high-impedance state and the output can nei- 
ther drive nor load the bus. This permits many devices to be 
connected together on the same transmission line for party- 
line applications. 

The output stages are similar to TTL totem-pole outputs, but 
with the sink outputs, YS and ZS, and the corresponding 
active pull-up terminals, YP and 2P, available on adjacent 
package pins. 


Features 

■ Each circuit offers a choice of open-collector or active 
pull-up (totem-pole) outputs 

■ Single 5V supply 

■ Differential line operation 

■ Dual channels 

■ TTL/LS compatibility 

■ High-impedance output state for party-line applications 

■ Short-circuit protection 

■ High current outputs 

■ Single-ended or differential AND/NAND outputs 

■ Common and individual output controls 

■ Clamp diodes at inputs 

■ Easily adaptable to DS55114/DS75114 applications 


Connection Diagram 




1ZP 1ZS 1YS 1YP 1A IB 1C GND 
Top View 

Order Number DS551 13J, DS751 13J, DS751 13M or DS751 13N 
See NS Package Number J16A, M16A or N16A 


Positive logic; Y = AB 
Z = AB 

Output is OFF when 
C or CC is low 


TL/F/5785-1 


Truth Table 



H = high level 
L = low level 
X = irrelevant 
Z = high impedance (OFF) 
input and 4th line of truth 
table applicable only to 
driver number 1 
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DS55113/DS75113 


Absolute Maximum Ratings (Notei) 


if Military/ Aerospace specified devices are required, 

Storage T emperature Range 

-65°Cto -f 150°C 

contact the National Semiconductor 

Sales Office/ 

Lead Temperature (1/16" from case for 



Distributors for availability and specifications. 

60 seconds): J Package 


300 "C 

Supply Voltage (Vcc) (Note 1) 

7V 

Lead Temperature (1/16" from case for 



Input Voltage 

5.5V 

4 seconds): N Package 


260'’C 

OFF-State Voltage Applied to 





Open-Collector Outputs 

12V 

Operating Conditions 



Maximum Power Dissipation* at 25°C 


Min 

Max 

Units 

Cavity Package 

1433 mW 

Supply Voltage (Vcc) 



Moided DIP Package 

1362 mW 

DS55113 4.5 

5.5 

V 

SO Package 

1002 mW 

DS75113 4.75 

5.25 

V 

Operating Free-Air Temperature Range 


High Level Output Current (Iqh) 

-40 

mA 

DS55113 

55°Cto -H25'’C 

Low Level Output Current (Iql) 

40 

mA 

DS75113 

0°Cto -f70°C 

Operating Free-Air Temperature (Ta) 



•Derate cavity package 9.6 mW/"C above 25”C; derate molded DIP pack- 

DS55113 -55 

125 

'C 

age 10.9 mW/'C above 25”C; derate SO package 8.01 mW/”C above 25'’C 

DS75113 0 

70 

°C 


(Note 2). 


Electricai Characteristics Over recommended operating free-air temperature range (unless otherwise noted) 


Symbol 

Parameter 

Conditions (Note 3) 

DS55113 

DS75113 

Units 

Min 

Typ 

(Note 4) 

Max 

Min 

Typ 

(Note 4) 

Max 

V|H 

High Level 
Input Voltage 


2 



2 



V 

V|L 

Low Level 
Input Voltage 




0.8 



0.8 

B 

V|K 

Input Clamp Voltage 

Vcc = Min, l| = -12 mA 


-0.9 

-1.5 


-0.9 


^3 

Vqh 

High Level 
Output Voltage 

Vcc ~ Min, V|H = 2V, 
V|L = 0.8V 

loH = — 10 mA 

m 



m 

■a 


B 

Iqh = -40 m A 

B 

— 


2 



VoL 

Low Level 
Output Voltage 

Vcc = Min, V|H = 2V, V|l = 0.8V, Iql = 40 mA 

1 

0.23 

0.4 


0.23 

mu 

V 

VoK 

Output Clamp Voltage 

Vcc = Max, Iq = —40 mA 


-1.1 

-1.5 


-1.1 


V 

lo(off) 

Off-State 
Open-Collector 
Output Current 

Vcc = Max 

Vqh = 12V 

Ta = 25°C 


1 

10 




jxA 

Ta = 125°C 



200 




Vqh = 5.25V 

Ta = 25“C 





1 

m 

Ta = 70°C 






US 

loz 

Off-State (High- 
Impedance-State) 
Output Current 

Vcc Max, 
Output Controls 
at 0.8V 

Ta = 25"C.Vo = 0 to Vcc 



±10 



QQ 

JU.A 

Ta = Max 

> 

o 

II 



-150 



mji 

Vo = 0.4V 



±80 




Vo = 2.4V 



±80 



IB 

II 

< 

o 

o 



80 




■ 

Input Current at 
Maximum Input 
Voltage 

A, B,C 

Vcc = Max, V| = 5.5V 



1 



1 

mA 

CC 



2 



2 

l|H 

High Level 
Input Current 

o 

CD 

< 

Vcc = Max, V| = 2.4V 



40 



in 

liA 

CC 



80 



B 

l|L 

Low Level 
Input Current 

A, B,C 

Vcc = Max, V| = 0.4V 



-1.6 



m 

mA 

CC 



-3.2 



IIS 
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Electrical Characteristics 

Over recommended operating free-air temperature range (unless otherwise noted) (Continued) 







DS55113 

DS75113 


Symbol 

Parameter 

Conditions (Note 3) 


Min 

Typ 

(Note 4) 

Max 

Min 

Typ 

(Note 4) 

Max 

Units 

>os 

Short-Circuit Output 
Current (Note 5) 

Vcc = Max, Vo = ov 

-40 

-90 

-120 

-40 

-90 

-120 

mA 

■cc 

Supply Current 

All Inputs at OV, No Load 

Vcc = 

Max 


47 

65 


47 

65 

mA 


(Both Drivers) 

Ta = 25-C 

Vcc = 



65 

85 


65 

85 


Note 1: All voltage values are with respect to network ground terminal. 

Note 2: For operation above 25"C free-air temperature, refer to Dissipation Derating Curves in the Thermal information section. 

Note 3: All parameters with the exception of OFF-state open-collector output current are measured with the active pull-up connected to the sink output. 
Note 4: All typical values are at Ta = 25*C and Vcc = 5V, with the exception of Ice a* 7V. 

Note 5: Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


Switching Characteristics vec = sv.cl = 30 pf,ta = 25 c 


Symbol 

Parameter 

Conditions 

DS55113 

DS75113 

Unit 

Min 

Typ 

Max 

Min 

Typ 

Max 

tpLH 

Propagation Delay Time, Low-to 
High-Level Output 

(Figure 1) 


13 

20 


13 

30 

ns 

tPHL 

Propagation Delay Time, High-to 
Low-Level Output 



12 

20 


12 

30 

ns 

tpZH 

Output Enable Time to High Level 

Rl = (Figure 2) 


7 

15 


7 

20 

ns 

tpZL 

Output Enable Time to Low Level 

Rl = 250fi, (Figures) 


14 

30 


14 

40 

ns 

tpHZ 

Output Disable Time from High 
Level 

Rl = (Figure 2) 


10 

20 


10 

30 

ns 

tpLZ 

Output Disable Time from Low 
Level 

Rl = 250ft, (Figures) 


17 

35 


17 

35 

ns 
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DS55113/DS75113 



TL/F/5785-2 


Schematic Diagram (One side shown only) 





AC Test Circuits and Switching Time Waveforms 




INPUT 



INPUT 


OUTPUT 



TL/F/5785-4 


INPUT 



Note 2; Cl includes probe and jig capacitance. 
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DS55113/DS75113 


Typical Performance Characteristics* 


Output Voltage vs Output 
Control Voltage 

LOAD* soon TO GROUND 
5 Vcc-BV _j 

I I I 

A — — — UAa-'i 25 “<: 


0 12 3 4 

V| - INPUT VOLTAGE (OUTPUT CONTROL) (V) 


Output Voltage vs Output 
Control Voltage 


2 ^OISABLEOSLOWf 


-LOAD -soon TO Vcc- 
Ta-25‘C 


V| - INPUT VOLTAGE (OUTPUT CONTROL) (V) 


Output Voltage vs Output 


LOAD ■ soon TO Vcc 
Vcc-SV 





r 


1 

X 




I 

OISAOLElJJJ 


0 12 3 4 

V| - INPUT VOLTAGE (OUTPUT CONTROL) (V) 


Output Voltage vs Free-AIr 
Temperature 

/. I I I I Vcc -4.5V 
3.6 — y —\ — 1 — I — 

S 'VnH(lnM*-10mA)~^T^=^ 


High Level Output 
Voltage vs Output 
Current 


I Ta- 25 -C 

■ 5 V 

-ycc-5.5V 


Low Level Output 
Voltage vs Output 
Current 

|ta-«"c I ^ r 


K 2 -VQHdoH’-^SmA) 

I 1.0 

! 1.2 

a 0.8 

0 4 -VoLdoL'^dmA) 

'o I ' I I I ..■.,) C3 

-n -so -2S 0 2S so 7S 100 12S 

Ta - FREE-AIR TEMPERATURE ( C) 

Supply Current (Both 
Drivers) vs Supply Voltage 

NO LOAD 

5 TO Ta*2S”C 



0 1 2 3 4 5 6 7 0 

Vcc -SUPPLY VOLTAGE (V) 


0 -20 -40 -60 -80 -100 -120 

IqH - OUTPUT CURRENT (mA) 

Supply Current (Both 
Drivers) vs Free-AIr 
Temperature 

so r— ' — ' — ' — ' — — — — 

„ .Vcc-sv 

^ ** INPUTS GROUNDED 

J B2 -NO LOAD 

£ so -I- I M 


-75 -so -25 0 25 SO 75 1 00 125 

Ta - FREE-AIR TEMPERATURE TCI 


Propagation Delay Times 
from Data Inputs vs Free-Air 
Temperature 

20 

„ Vcc-SV 

Ci.-30pF 

16 (FIGURED— I ^ 

14 -J — I — ‘Pi-H-— 


20 40 60 00 100 120 

Iql- OUTPUT CURRENT (mA) 


Supply Current (Both 
Drivers) vs Frequency 

100 i-r-m 

Vcc-SV 

< rl-» 

B 80 Cl- 30 pF 

S - INPUTS;3V SQUARE V7AVE--J- 
E 60 -Ta-25"C /... 


0.1 0.4 1 4 10 40 100 

I -FREQUENCY (MHz) 


Output Enable and Disable 
Times vs Free-Air Temperature 


Vcc - 5V 

IFIGURES2 AND3I 






1 



__ 









^ _ 
















-75 -50 -25 0 25 50 75 100 125 

Ta - FREE-AIR TEMPERATURE ("O 


-75 -50 -25 0 25 50 75 100 125 

Ta - FREE-AIR TEMPERATURE (°C) 


•Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to DS55113 circuits only. These 
parameters were measured with the active pull-up connected to the sink output. 
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Vo -OUTPUT VOLTAGE (V) 


Typical Performance Characteristics* (continued) 



TL/F/5785-6 

’Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to DS55113 circuits only. These 
parameters were measured with the active pull-up connected to the sink output. 


1-123 




DS55114/DS75114 



National 

Semiconductor 


DS55114/DS75114 Dual Differential Line Drivers 


General Description 

The DS55114/DS751 14 dual differential line drivers are de- 
signed to provide differential output signals with high current 
capability for driving balanced lines, such as twisted pair at 
normal line impedances, without high power dissipation. 
The output stages are similar to TTL totem-pole outputs, but 
with the sink outputs, YS and ZS, and the corresponding 
active pull-up terminals, YP and ZP, available on adjacent 
package pins. Since the output stages provide TTL compati- 
ble output levels, these devices may also be used as TTL 
expanders or phase splitters. 


Features 

■ Each circuit offers a choice of open-collector or active 
pull-up (totem-pole) outputs 

■ Single 5V supply 

■ Differential line operation 

■ Dual channels 

■ TTL/LS compatibility 

■ Designed to be interchangeable with Fairchild 9614 line 
drivers 

■ Short-circuit protection of outputs 

■ High current outputs 

■ Clamp diodes at inputs and outputs to terminate line 
transients 

■ Single-ended or differential AND/NAND outputs 

■ Triple inputs 


Connection Diagram 

Dual-ln-Line Package 



Top View 

Positive logic: Y = ABC 
Z = ABC 

Order Number DS551 14J, DS751 14J, or DS751 14N 
See NS Package Number J16A or N16A 


TL/F/5786-1 


Truth Tabie 


Inputs 

Outputs 

ABC 

Y Z 

H H H 

All Other Input Combinations 

H L 

L H 


H = high level 
L = low level 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Saies Office/ 
Distributors for avaiiability and specifications. 

Supply Voltage (Vcc 7V 

Input Voltage 5.5V 

OFF-State Voltage Applied to 
Open-Collector Outputs 12V 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 433 mW 

Molded Package 1362 mW 

Operating Free-Air Temperature Range 
DS55114 -55°Cto -M25‘“C 

DS75114 0°Cto+70‘’C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Vie" from case 
for 60 seconds): J Package 300°C 


Lead Temperature (Vie" from case 
for 4 seconds): N Package 260°C 

•Derate cavity package 9.6 mW/°C above 25°C; derate molded package 
10.9 mWrC above 25“C (Note 2). 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage (Vcc) 

DS55114 

4.5 

5.5 

V 

DS75114 

4.75 

5.25 

V 

High Level Output Current (Iqh) 


-40 

mA 

Low Level Output Current (Iql) 


40 

mA 

Operating Free-Air 
Temperature (T^) 

DS55114 

-55 

125 

°C 

DS75114 

0 

70 

'C 


Electrical Characteristics Over recommended operating free-air temperature range (unless otherwise noted) 


Symbol 

Parameter 

Conditions (Note 3) 

DS55114 1 

DS75114 1 

Units 

1 

Min 

Typ 

(Note 4) 

Max 

Min 

Typ 

(Note 4) 

Max 

V|H 

High Level Input Voltage 


2 



2 



V 

V|L 

Low Level Input Voltage 






0.8 

V|K 

Input Clamp Voltage 

Vcc = Min, l| = -12 mA 


-0.9 



-0.9 

-1.5 

V 

VOH 

High Level Output Voltage 

Vcc ~ Min, V|H = 2V 

Iqh = - 1 0 mA 

Q9I 



E9 

Bl 


V 

V|L = 0.8V 

Iqh = ~40 mA 

2 

3.0 


2 

3.0 


VoL 

Low Level Output Voltage 

Vcc = Min, V|H = 2V, ViL = 0.8V, 
Iql = 40 mA 


0.2 

0.4 


0.2 

0.45 

V 

VoK 

Output Clamp Voltage 

Vcc = 5V, lo = 40 mA, Ta = 25°C 


6.1 



6.1 

6.5 

V 

Vcc = Max, Iq = -40 mA, Ta = 25°C 


-1.1 



-1.1 

-1.5 

lO(off) 

OFF-State Open-Collector 
Output Current 

Vcc = Max 

VoH = 12V 

Ta = 25» 


1 


n 



/j,A 

Ta = 125°C 







VoH = 5.25V 

Ta = 25 °c 





1 

100 

Ta = 70°c 

! 





200 

■ 

Input Current at Maximum 
Input Voltage 

Vcc = Max, V| = 5.5V 



1 


■ 

1 

mA 

l|H 

High Level Input Current 

Vcc = Max, V| = 2.4V 



o 



40 

IxA 

IlL 

Low Level Input Current 

Vcc = Max. V| = 0.4V 


-1.1 

BE 


-1.1 

-1.6 

mA 

los 

Short-Circuit Output 
Current (Note 5) 

Vcc = Max, Vo = OV 

-40 

-90 

120 

-40 

-90 

-120 

mA 

Icc 

Supply Current 
(Both Drivers) 

Inputs Grounded, No Load, 
Ta = 25°C 

Vcc = Max 


37 

IQI 


37 

50 

mA 

< 

o 

o 

II 

< 


47 



47 

70 


Note 1: All voltage values are with respect to network ground terminal. 

Note 2: For operation above 25“C free-air temperature, refer to Dissipation Derating Curves in the Thermal information section. 

Note 3: All parameters, with the exception of OFF-state open-collector output current, are measured with the active pull-up connected to the sink output. 
Note 4: All typical values are at = 25°C and Vcc = 5V, with the exception of Ice 3* 7V. 

Note 5: Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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DS55114/DS75114 


Switching Characteristics vcc = sv.ta = 25°c 


Symbol 

Parameter 

Conditions 

DS55114 

DS75114 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

^PLH 

Propagation Delay Time, 
Low-to-High-Level Output 

Cl = 30 pF, (Figure 1) 

■ 

15 

20 

■ 

15 

30 

ns 

<PHL 

Propagation Delay Time 
High-to-Low-Level Output 

■ 

11 

20 

■ 

11 

30 

ns 


AC Test Circuit and Switching Time Waveforms 



TL/F/5786-3 

Note 1: The pulse generator has the following characteristics: Zqut = 50fl, 
tw = 100 ns, PRR = 500 kHz. 

Note 2: Cl includes probe and jig-capacitance. 
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Icc- SUPPLY CURRENT (mA) Vqi. - OUTPUT VOLTAGE (V) Vq - OUTPUT VOLTAGE (V) 


Typical Performance Characteristics* 



TL/F/5786-5 


Low Level Output Voltage 
vs Output Current 



lOL- OUTPUT CURRENT (mA) 


Output Voltage vs Free-AIr 
Temperature 



Ta - FREE-AIR TEMPERATURE CO 



Supply Current (Both Drivers) 
vs Supply Voltage 



Vcc- SUPPLY VOLTAGE (V) 


Supply Current (Both Drivers) 
vs Free-Air Temperature 



Ta - FREE-AIR TEMPERATURE (°C) 


Supply Current (Both Drivers) 
vs Frequency 



(-FREQUENCY (MHz) 


TL/F/5786-7 

‘Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to DS55114 circuits oniy. Ttiese 
parameters were measured witli tlie active puil-up connected to the sink output. 



1-127 


DS55114/DS75114 
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DS55114/DS75114 


INPUTS 



Resistor values shown are typical and in ohms. 


TL/F/5786-2 


Schematic Diagram (Each Driver) 



National 

Semiconductor 


DS55115/DS75115 Dual Differential Line Receiver 


General Description 

The DS55115/DS75115 is a dual differential line receiver 
designed to sense differential signals from data transmis- 
sion lines. Designed for operation over military and commer- 
cial temperature ranges, the DS55115/DS75115 can typi- 
cally receive ±500 mV differential data with ±15V com- 
mon-mode noise. Outputs are open-collector and give TTL 
compatible signals which are a function of the polarity of the 
differential input signal. Active output pull-ups are also avail- 
able, offering the option of an active TTL pull-up through an 
external connection. 

Response time may be controlled with the use of an exter- 
nal capacitor. Each channel may be independently con- 
trolled and optional input termination resistors are also 
available. 


Connection Diagram 

Dual-ln-Llne Package 

2 2 RESP 

VCC 2YS 2YP STRB TIMECQNT B2 2Rt 



Features 

■ Single 5V supply 

■ High common-mode voltage range 

■ Each channel individually strobed 

■ Independent response time control 

■ Uncommitted collector or active pull-up option 

■ TTL compatible output 

■ Optional 130rt termination resistors 

■ Direct replacement for 9615 


Function Table 

strobe 

DIff. 

Input 

Output 

L 

X 

H 

H 

L 

H 

H 

H 

L 


H = V| ^ V|H min or V|d more positive than Vjh max 
L = V| ^ V|L max or V|d more negative than Vjl max 
X = irreievant 


1 1 RESP 

STRB TIMECQNT 


Top View 

Order Number DS55115J, DS75115J or DS75115N 
See NS Package Number J16A or N16A 
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DS55115/DS75115 



DS55115/DS75115 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage, Vcc (Note 1 ) 7V 

Input Voltage at A, B and Rj Inputs +25V 

Input Voltage at Strobe Input 5.5V 

Off-State Voltage Applied to Open-Collector Outputs 1 4V 
Maximum Power Dissipation* at 25°C 
Cavity Package 1 433 m\N 

Molded Package 1362 mW 

Operating Free-Air Temperature Range 
DS55115 -55°C to -1-125*0 

DS57115 0*0 to -1-70*0 


Electrical Characteristics (Notes 2, 3 and 5) 


Storage Temperature Range - 65*0 to -H 1 50*0 

Lead Temperature 

(Vi6 inch from case for 4 seconds) 260*0 

•Derate cavity package 9.6 mW/“C above 25'’C; derate molded package 
10.9 mW/°C above 25°C. 

Operating Conditions 

Min Max Units 

Supply Voltage, (Vcc) 

DS55115 4.5 5.5 V 

DS75115 4.75 5.25 V 

High Level Output Current (Iqh) ~5 mA 

Low Level Output Current (Iql) 1 5 mA 

Operating Temperature (Ta) 

DS55115 -55 125 *0 

DS75115 0 70 'C 


Symbol 

Parameter 

Vth 

Differential Input High- 
Threshold Voltage 

Vtl 

Differential Input Low- 
Threshold Voltage 

V|CR 

Common-Mode Input 
Voltage Range 

ViH(STROBE) 

High-Level Strobe 
Input Voltage 

ViL(STROBE) 

Low-Level Strobe 
Input Voltage 

Vqh 

High Level Output Voltage 

Vql 

Low Level Output Voltage 

l|L 

Low Level Input Current 

ISH 

High Level Strobe Current 

ISL 

Low Level Strobe Current 

U. Il2 

Response Time Control 
Current (Pin 4 or Pin 1 2) 

IO(OFF) 

Off-State Open-Collector 
Output Current 


Conditions 


Vq = 0.4V, Iql = 15 mA, V|c = OV 


Vq = 2.4V, Iqh — "”5 mA, V|c = OV 


V|D= ±1V 



Typ 


200 


-200 

15 

24 

to 

to 

-15 

-19 



0 

7C 


'C 

5 

DS75115 


llTlfllTfflil 

Typ 


Units 

500 


200 

500 

mV 

-500 


-200 

-500 

mV 



Iqh = ~5 mA 


Vcc Max, V| = 0.4V, 
Other Input at 5.5V 


VsTROBE = 4.5V 


VSTROBE = 0-4V 


Vcc = Max. V|D = 0.5V, 
Vrc = OV 


Vcc ~ Min, VoH ~ 12V, 

V|D = -4.5V 


Ta = 25*0 


Ta = Max 


5V, Iql =15 mA 


Ta = Min 


Ta = 25*0 


Ta = Max 


0.5V, Ta = 25*0 
Ta = Max 


Ta = 25*0 


Ta = 25*0 


Ta = 25*0 


Ta = Max 


Vcc = Min, Vqh = 5.25V, I Ta = 25*0 
V|D = -4.75V 
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Electrical Characteristics (Notes 2, 3 and 5) (Continued) 


Symbol 

Parameter 

Conditions 

I DS55115 I 

1 DS75115 1 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Rt 

Line Terminating 
Resistance 

> 

in 

II 

0 

0 

> 

Ta = 25 °c 

77 

130 

167 

74 

130 

179 

n 

los 

Short-Circuit Output 
Current 

Vcc = Max. Vo = OV, 
V|D = -0.5V. (Note 4) 

Ta = 25 °c 

-15 

-40 

-80 

-14 

-40 

-100 

mA 

Icc 

Supply Current (Both 
Receivers) 

Vcc — Max, V|Q = 0.5V, 
Vic = OV 

Ta = 25 °c 


32 

50 


32 

50 

mA 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for the actual device 
operation. 

Note 2: Uniess otherwise specified min/max limits apply across the -SS'C to + 125°C temperature range for the DS551 15 and across the O'C to + 70°C range for 
the DS75115. All typical values are for Ta = 25°C, Vcc = 5V and Vcm = OV- 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time shouid be shorted. 

Note 5: Unless otherwise noted, Vstrobe = 2.4V. All parameters with the exception of off-state open-collector output current are measured with the active pull-up 
connected to the sink output. 

Switching Characteristics vcc = sv. cl = 30 pF, ta = 25 °c 


Symbol 

Parameter 

Conditions 

I DS55115 

1 DS75115 I 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tpLH 

Propagation Delay Time, Low- 
to-High Level Output 

Rl = 3.9 kn, (Figure 1) 


18 

50 


18 

75 

ns 

tpHL 

Propagation Delay Time, High- 
to-Low Level Output 

Rl_ = 390ft, (Figure 1) 


20 

50 


20 

75 

ns 


Schematic Diagram 
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DS55115/DS75115 










































































DS55115/DS75115 


Typical Performance Characteristics (Notes) 


Input Current vs Input 
Voltage 



-2S-20-1S-10-S 0 S 10 IS 20 2S 
V|- INPUT VOLTAGE (V) 


Output Voltage vs 
Temperature 








■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 
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m 

■ 

■ 

g 
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a 


a 

D 

S! 

■ 

P 

I 

1 

1 

1 

1 

1 

■B 


-7S -SO -2S 0 2$ SO 7S 100 12S 

T^- AMBIENT TEMPERATURE (°C) 


Output Voltage vs 
Common-Mode 
Input Voltage 


P 

vm 

rSl 

1 

1 

1 

1 

1 

1 

1 

n 

■ 

■ 

■ 

■ 











III: 

III 









la 


1 

i 

i 


e 

I 

11 

IS 

m 

0 

1 

1 

1 

1 

II 

Ul 

HHi 

1 

I 

1 

V 


-2$ -20 -IS -10 -S 0 5 10 IS 20 2S 
V|C - COMMON-MODE INPUT VOLTAGE IV) 


High Level Output Voltage 
vs Output Current 



IqH - HIGH LEVEL OUTPUT CURRENT (mA) 


Low Level Output Voltage 



0 S 10 15 20 2S 30 

IqL - LOW LEVEL OUTPUT CURRENT (mA) 


Output Voltage vs 
Differential Input Voltage 

6 
5 
4 
3 
2 
1 
0 

-0.2 -0.1 0 0.1 0.2 
V|D - DIFFERENTIAL INPUT VOLTAGE (V) 


■ 

■ 

■ 

■ 

ragPi 

BZJB 


■ 

■ 

■ 

III 

II 

■ 

9 

1 

■ 



91 

II 

■ 

9 

1, 

■ 

1 


Si 

16 

9 


1 

■ 

■ 

■ 

II 

II 

9 

9 

1 

■ 

■ 

■ 

U 

ill 

■ 

■ 

B 


u 



Output Voltage 
vs Differential Input Voltage 



-0.2 -0.1 0 0.1 0.2 


Output Voltage vs 
Strobe Input Voltage 



0 12 3 4 


V|Q - DIFFERENTIAL INPUT VOLTAGE (V) 


Vs - STROBE INPUT VOLTAGE (V) 


Output Voltage vs 
Strobe Input Voltage 



0 12 3 4 


Vs - STROBE INPUT VOLTAGE IV) 


Supply Current (Both Receivers) 
vs Supply Voltage 



012345878 


Vcc- SUPPLY VOLTAGE (V) 


Supply Current (Both Receivers) Propagation Delay Times 

vs Temperature vs Temperature 



Ta - AMBIENT TEMPERATURE fC) 



-75 -SO -25 0 25 SO 7S 100 125 

Ta - AMBIENT TEMPERATURE |°C) 


TL/F/5787-4 
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Frequency Response Control 



TL/F/5787-5 

Note: Cr (response control) > 0.01 pF may cause slowing of rise and fall 
times of the output. 


Frequency Response as a 
Function of Capacitance 



0.001 0.01 0.1 1 10 


Cr - CAPACITANCE {nf) 


TL/F/S787-6 


AC Test Circuit and Switching Time Waveforms 


OPEN 2.4V 



TL/F/5787-7 


Note 1: The pulse generator has the following characteristics: Zqut “ 50^^. PRR = 500 kHz/tw = 100 ns 
Note 2; C|_ includes probe and test fixture capacitance 



TL/F/5787-8 


Typical Application 

Basic Party-Line or Data-Bus Differentiai Data Transmission 


LOCATION 3 LOCATIONS 





DS7S113 DRIVER 


•Zq is internal to the DS55115/DS75115 




DS7511S RECEIVER 


A capacitor may be connected in series with Zq to reduce power dissipation. 
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TL/F/5787-3 




DS55121/DS75121 



Nah'onal 

Semiconductor 


DS55121/DS75121 Dual Line Drivers 


General Description 

The DS55121/DS75121 are monolithic dual line drivers de- 
signed to drive long lengths of coaxial cable, strip line, or 
twisted pair transmission lines having impedances from 50ft 
to 500ft. Both are compatible with standard TTL logic and 
supply voltage levels. 

The DS55121/DS75121 will drive terminated low imped- 
ance lines due to the low-impedance emitter-follower out- 
puts. In addition the outputs are uncommitted allowing two 
or more drivers to drive the same line. 

Output short-circuit protection is incorporated to turn off the 
output when the output voltage drops below approximately 
1.5V. 


Features 

■ Designed for digital data transmission over 50ft to 
500ft coaxial cable, strip line, or twisted pair transmis- 
sion lines 

■ TTL compatible 

■ Open emitter-follower output structure for party-line 
operation 

■ Short-circuit protection 

■ AND-OR logic configuration 

■ High speed (max propagation delay time 20 ns) 

■ Plug-in replacement for the SN55121/SN75121 and the 
8T13 


Connection Diagram 

DuaMn-Line Package 



Top View 


TL/F/5788-1 


Typical Performance 
Characteristics 

Output Current vs Output Voltage 



Vo -OUTPUT VOLTAGE (V) 


TL/F/5788-2 

Truth Table 


Order Number DS55121 J, DS75121 J or DS75121N 
See NS Package Number J16A or N16A 

AC Test Circuit and Switching 
Time Waveforms 


3.0V Vcc 



TL/F/5788-3 




Mote 1: The pulse generators have the following characteristics: 
ZouT ~ son, tw = 200 ns, duty cycle = 50%, V, = tf = 5.0 ns. 
Note 2: Cl includes probe and jig capacitance. 
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TL/F/5788-4 




Absolute Maximum Ratings (Note i) Operating Conditions 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 

Supply Voltage, Vcc 

Min 

4.75 

Max 

5.25 

Distributors for avaiiability and specifications. 

Supply Voltage, Vcc 

6.0V 

Temperature, Ta 
DS55121 

-55 

+ 125 

Input Voltage 

6.0V 

DS75121 

0 

+ 75 


Output Voltage 6.0V 

Output Current -75 mA 

Maximum Power Dissipation* at 25°C 
Cavity Package 1371 mW 

Molded Package 1 280 mW 

Lead Temperature (Soldering, 4 seconds) 260°C 


•Derate cavity package 9.1 mW/°C above 25“C; derate molded package 
10.2 mW/“C above 25°C. 


Eiectricai Characteristics Vcc = 4.75V to 5.25V (unless otherwise noted) (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

High Level Input Voltage 


2.0 



V 

V|L 

Low Level Input Voltage 




0.8 

V 

V| 

Input Clamp Voltage 

Vcc = 5.0V, l| = -12 mA 



-1.5 

V 

ll 

Input Current at Max Input Voltage 

Vcc = 5.25V, V|N = 5.5V 



1 

mA 

VOH 

High Level Output Voltage 

V|H = 2.0V, Iqh = -75 mA (Note 4) 

mm 



V 

Iqh 

High Level Output Current 

Vcc = 5.0V, V|H = 4.75V, Vqh = 2.0V, 
Ta = 25°C (Note 4) 

-100 


-250 

mA 

Iql 

Low Level Output Current 

V|L = 0.8V, Vql = 0.4V (Note 4) 



-800 

fxA 

>0(OFF) 

Off State Output Current 

Vcc = OV, Vo = 3.0V 



500 

juA 

l|H 

High Level Input Current 

V| = 4.5V 



40 

jaA 

l|L 

Low Level Input Current 

V| = 0.4V 

-0.1 


-1.6 

mA 

los 

Short Circuit Output Current 

Vcc = 5.0V, Ta = 25*C 



-30 

mA 

ICCH 

Supply Current, Outputs High 

Vcc = 5.25V, All Inputs at 2.0V, Outputs Open 



28 

mA 

ICCL 

Supply Current, Outputs Low 

Vcc = 5.25V, All Inputs at 0.8V, Outputs Open 



60 

mA 


Switc 

hing Characteristics vcc = 5 .ov,ta = 25*c 

Symboi 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Propagation Delay Time, 

Rl_ = 37H, (See AC Test Circuit 

Cl = 15 pF 


11 

20 

ns 


Low-to-High Level Output 

and Switching Time Waveforms) 

Cl = 1000 pF 


22 

50 

ns 

tpHL 

Propagation Delay Time, 

Rl_ = 37H, (See AC Test Circuit 

Cl = 15pF 


8.0 

20 

ns 


High-to-Low Level Output 

and Switching Time Waveforms) 

Cl = lOOOpF 


20 

50 

ns 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the - 55”C to + 125”C temperature range for the DS551 21 and across the 0°C to + 70°C range for 
the DS75121. All typical values are for Ta = 25°C and Vcc “ ^V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table for the desired 
output. 
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DS75123 


National 

Semiconductor 


DS75123 Dual Line Driver 

General Description 

The DS75123 is a monolithic dual line driver designed spe- 
cifically to meet the I/O interface specifications for IBM Sys- 
tem 360. It is compatible with standard TTL logic and supply 
voltage levels. 

The low-impedance emitter-follower outputs of the 
DS75123 enable driving terminated low impedance lines. In 
addition the outputs are uncommitted allowing two or more 
drivers to drive the same line. 

Output short-circuit protection is incorporated to turn off the 
output when the output voltage drops below approximately 
1.5V. 


Connection Diagram 

Dual-ln-Line Package 

Vcc F2 E2 02 C2 B2 A2 Y2 


Features 

■ Meet IBM System 360 I/O interface specifications for 
digital data transmission over 50tl to 500fl coaxial ca- 
ble, strip line, or terminated pair transmission lines 

■ TTL compatible with single 5.0V supply 

■ 3.11V output at loH = -59.3 mA 

■ Open emitter-follower output structure for party-line 
operation 

■ Short circuit protection 

■ AND-OR logic configuration 

■ Plug-in replacement for the SN75123 and the 8T23 


Typical Performance 
Characteristics 

Output Current vs Output Voltage 

— — — — — — — I — I — 1 — 

Vcc = 5.0V 

< -250 V,H = 2.0V - 

-E , T.=25“C 


0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
Vo -OUTPUT VOLTAGE (V) 


B1 Cl 01 El 


FI Y1 GNO 

TL/F/5790-1 


Top View 


Order Number DS75123J or DS75123N 
See NS Package Number J16A or N16A 

AC Test Circuit and Switching 
Time Waveforms 




Truth Table 


INPUTS 

A 

B C D E F 

H 

H H H X X 

X 

X X X H H 


All Other Input 


Combinations 


OUTPUT 

Y 


H = High level, L=Low level, X = lrrelevant 


PULSE 

GENERATOR 
(NOTE 1) 


I I 


,/90% 90%\ 

INPUT /,.5V 1.5V\ 


Note 1: The pulse generators have the following characteristics: Zqut ~ 50n, 
= 50%. 

Note 2: C|_ includes probe and jig capacitance. 


TL/F/5790-2 
tyv = 200 ns, duty cycie 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avaiiabiiity and specifications. 

Supply Voltage, Vcc 7-OV 

Input Voltage 5.5V 

Output Voltage 7.0V 

Maximum Power Dissipation* at 25°C 
Cavity Package 1371 mW 

Molded Package 1 280 mW 

Operating Free-Air Temperature Range 0°C to + 75°C 
Storage Temperature Range -65°Cto -l-150°C 

Lead Temperature (Soldering, 4 seconds) 260*0 

'Derate cavity package 9.1 mW/°C above 25”C; derate molded package 
10.2 mW/'C above 25'C. 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 

Min 

Supply Voltage, Vcc 4.75 

High Level Output Current, 

•oh 

Temperature, T^ 0 


Symbol 


V|H 


V|L 


V| 


Parameter 


High Level Input Voltage 


Low Level Input Voltage 


Input Clamp Voltage 


Input Current at Max Input Voltage Vcc = 5.25V, V|n = 5.5V 



Vcc = 5.0V, l| = -12 mA 


Vqh 

High Level Output Voltage 

Vcc = 5.0V, V|H = 2.0V, 

Ta =25“C 

3.11 



V 



Iqh = -59.3 mA, (Note 4) 

Ta = 0°Cto -l-75°C 

2.9 



V 

Iqh 

High Level Output Current 

Vcc = 5.0V, V|H = 4.5V, T,a 
Vqh = 2.0V, (Note 4) 

= 25°C, 

-100 


-250 

mA 


Low Level Output Voltage 


Off State Output Current 


High Level Input Current 


Low Level Input Current 


Short Circuit Output Current 


Supply Current, Outputs High 


Supply Current, Outputs Low 


V|L = 0.8V, Iql = -240 nA, (Note 4) 


Vcc = 0,Vo = 3.0V 


V| = 4.5V 


V| = 0.4V 


Vcc = 5.0V, Ta = 25°C 


Vcc = 5.25V, All Inputs at 2.0V, Outputs Open 


Vcc = 5.25V, All Inputs at 0.8V, Outputs Open 



Switching Characteristics vcc = 5 .ov,ta = 25»c 


Symbol 

Parameter 

1 Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Propagation Delay Time, Low- 

Rl = 50n, (See AC Test Circuit 

Cl = 15 pF 


12 

20 

ns 


to-High Level Output 

and Switching Time Waveforms 

Cl = 100 pF 


20 

35 

ns 

tpHL 

Propagation Delay Time, High- 

Rl = 500, (See AC Test Circuit 

Cl = 15 pF 


12 

20 

ns 


to-Low Level Output 

and Switching Time Waveforms 

Cl = 100 pF 


1 

25 

ns 


Note 1; “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with respect to network 
ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis. 

Note 3: Min/max limits apply across the guaranteed operating temperature range of 0“C to +75°C for DS75123, unless othenwise specified. Typicals are for Vcc 
= 5.0V, Ta = 25°C. Positive current is defined as current into the referenced pin. 

Note 4; The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table for the desired 
output. 
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DS75124 


National 
Semiconductor 

DS75124 Triple Line Receiver 

General Description 

The DS75124 is designed to meet the input/output interface 
specifications for iBM System 360. it has buiit-in hysteresis 
on one input on each of the three receivers to provide iarge 
noise margin. The other inputs on each receiver are in a 
standard TTL configuration. The DS75124 is compatible 
with standard TTL logic and supply voltage levels. 


Features 

■ Built-in input threshold hysteresis 

■ High speed . . . typical propagation delay time 20 ns 

■ Independent channel strobes 

■ Input gating increases application flexibility 

■ Single 5.0V supply operation 

■ Plug-in replacement for the SN75124 and the 8T24 



Connection Diagram and Truth Table 

Dual-ln-Line Package 

Vcc SI R1 Y1 A3 S3 R3 Y3 





A1 B1 R2 S2 A2 B2 Y2 GND 

TL/F/5792-1 


Top View 

Order Number DS75124J or DS75124N 
See NS Package Number J16A or N16A 


Inputs 

Output 

A Bt R S 

Y 

H H X X 

L 

X X L H 

L 

L X H X 

H 

L X X L 

H 

X L H X 

H 

X L X L 

H 


H = high level, L = low level, X = irrelevant 
tB input and last two lines of the truth table 
are applicable to receivers 1 and 2 only 
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Absolute Maximum Ratings (Note i) 

If Militatv/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage, Vcc 

7.0V 

Input Voltage 

R Input with Vcc Applied 

7.0V 

R Input with Vcc not Applied 

6.0V 

A, B, or S Input 

5.5V 

Output Voltage 

7.0V 

Output Current 

±100 mA 

Maximum Power Dissipation* at 25°C 

Cavity Package 

1433 mW 

Molded Package 

1362 mW 


Operating T emperature Range 0°C to + 75°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, 4 seconds) 260°C 

•Derate cavity package 9.6 mW/°C above 25°C; derate molded package 
10.9 mW/"C above 25“C. 

Operating Conditions 

Min Max Units 

Supply Voltage, Vcc 4.75 5.25 V 

High Level Output Current, -800 jaA 

•oh 

Low Level Output Current, 1 6 mA 

•OL 

Operating Temperature, Ta 0 +75 °C 


Electrical Characteristics (Notes 2 and 3) 


Symbol 


V|H 


Vt+ -Vt- 


Vi 


Parameter 

Conditions 

High Level Input Voltage 

A, B, orS 


R 

Low Level Input Voltage 

A, B, orS 


R 

Hysteresis 

Vcc = 5-OV, Ta = 25°C, R, (Note 6) 

Input Clamp Voltage 

Vcc = 5.0V, l| = - 1 2 mA, A, B, or S 

Input Current at Maximum 

Vcc = 5.25V, V|N = 5.5V, A, B, or S 

Input Voltage 

p V| = 7.0V 

V| = 6.0V, Vcc = OV 

High Level Output Voltage 

V|H = VihmIN. V|l = VilmaX. 
Iqh = -SOOjaA, (Note4) 

Low Level Output Voltage 

V|H = VihmIN. ViL = VilmaX. <01 = 16 mA, 
(Note 4) 

High Level Input Current 

V| = 4.5V, A, B, or S 


V| = 3.11V, R 

Low Level Input Current 

V| = 0.4V, A, B, or S 

Short Circuit Output Current 

Vcc = 5.0V, Ta = 25”C, (Note 5) 

Supply Current 

Vcc = 5.25V 




0.4 

V 

40 

juA 

170 

/nA 

-1.6 

mA 

-100 

mA 

72 

mA 


Switching Characteristics Ta = 25°C, nominal power supplies unless otherwise noted 


Min 


Symbol 

Parameter 

Conditions 

tpLH 

Propagation Delay Time, Low-to-High 
Level Output from R Input 

(See AC Test Circuit and Switching 
Time Waveforms) 

tpHL 

Propagation Delay Time, High-to-Low 
Level Output from R Input 

(See AC Test Circuit and Switching 
Time Waveforms) 


Typ 

Max 

Units 

20 

30 

ns 

20 

30 

ns 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with respect to network 
ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis. 

Note 3: Min/max limits apply across the guaranteed operating temperature range of 0°C to +75°C for DS75124, unless otherwise specified. Typicals are for Vcc 
= 5.0V, Ta = 25“C. Positive current is defined as current into the referenced pin. 

Note 4: The output voltage and current limits are guaranteed tor any appropriate combination of high and low inputs specified by the truth table for the desired 
output. 

Note 5: Not more than one output should be shorted at a time. 

Note 6: Hysteresis is the difference between the positive going input threshold voltage, Vj + , and the negative going input threshold voltage, Vt_. 
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DS75124 


AC Test Circuit and Switching Time Waveforms 


Vcc 2.6V 



TL/F/5792-3 

Note 1: The pulse generator has the following characteristics: Zqut ~ 5011, tw = 200 ns, duty cycie = 50% 

Note 2: C|_ Includes probe and jig capacitance. 



TL/F/5792-4 


Typicai Performance Characteristics 


Output Voltage vs 
Receiver Input Voltage 



V, - INPUT VOLTAGE (V) 


TL/F/5792-5 
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National 

Semiconductor 


DS75125/DS75127 Seven-Channel Line Receivers 


General Description 

The DS75125 and DS75127 are monolithic seven-channel 
line receivers designed to satisfy the requirements of the 
IBM System 360/370 input/output interface specifications. 
Special low-power design and Schottky clamped transistors 
allow for low supply current requirements while maintaining 
fast switching speeds and high current TTL outputs. The 
DS75125 and DS75127 are characterized for operation 
from 0°C to 70°C. 


Features 

■ Meets IBM 360/370 I/O specification 

■ Input resistance — 7 kn to 20 kft 

■ Output compatible with TTL 

■ Schottky-clamped transistors 

■ Operates from single 5V supply 

■ High speed — low propagation delay 

■ Ratio specification for propagation delay time, low-to- 
high/high-to-low 

■ Seven channels in one 16-pin package 

■ Standard Vcc and ground positioning on DS75127 


Connection Diagrams 

DS75125 

DuaMn-Line Package 

IV Vcc 3Y 4Y 5Y 6Y 7Y 2Y 


16 IS 14 |l3 |l2 11 16 9 



1A 2A 3A 4A 5A 6A 7A GNO 

TL/F/5791-1 


Top View 

logic: Y = A 

Order Number DS75125J or DS75125N 
See NS Package Number J16A or N16A 



Order Number DS75127J or DS75127N 
See NS Package Number J16A or N16A 
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DS75125/DS75127 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage, Vcc (Note 1 ) 7V 

Input Voltage Range 

DS75125 -0.15V to 7V 

DS75127 -2Vto7V 

Operating Free-Air Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 4- 150°C 

Lead T emperature (Soldering, 4 seconds) 260°C 


Maximum Power Dissipation* at 25°C (Note 2) 

Cavity Package 1 509 mW 

Molded Package 1 476 mW 

•Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
11.9mW/°C above 25°C. 

Recommended Operating 
Conditions 

Min Typ Max Units 

Supply Voltage, Vcc 4.5 5 5.5 V 

High-Level Output Current, Iqh ~0.4 mA 

Low-Level Output Current, Iql 16 mA 

Operating Free-Air Temperature, Ta 0 70 °C 


Electrical Characteristics over recommended operating free-air temperature range (Note 3) 


Symbol Parameter Conditions 


V|H 

High-Level Input Voltage 

V|L 

Low-Level Input Voltage 


VoH 

High-Level Output Voltage 

Vcc = 4.5V, V|L = 0.7V, Iqh = -0-4 mA 

VoL 

Low-Level Output Voltage 

Vcc = 4.5V, V|H = 1 .7V, Iql = 16 mA 

1|H 

High-Level Input Current 

Vcc = 5.5V. V| = 3.11V 

l|L 

Low-Level Input Current 

Vcc = 5.5V. V| = 0.15V 

los 

Short-Circuit Output Current (Note 4) 

Vcc = 5.5V, Vo = OV 

m 

Input Resistance 

Vcc = 4.5V, OV, or Open, 
AVi = 0.15V to 4.15V 

Icc 

Supply Current 

Vcc “ 5.5V, Iqh ~ ~0.4 mA, 
All Inputs at 0.7V 



Vcc ~ 5.5V, Iql ~ 1 6 mA, 
All Inputs at 4V 



Switching Characteristics vcc = sv,ta = 25 »c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

IPLH 

Propagation Delay Time, Low-to-High-Level Output 

Rl = 400n, Cl = 50 pF, 
(See Figure 1) 

7 

14 

25 

ns 

tpHL 

Propagation Delay Time, High-to-Low-Level Output 

10 

18 

30 

ns 

tpLH 

IPHL 

Ratio of Propagation Delay Times 

0.5 

0.8 

1.3 

ns 

Itlh 

Transition Time, Low-to-High-Level Output 


1 

7 

12 

ns 

1th L 

Transition Time, High-to-Low-Level Output 

1 

3 

12 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: For operation above 25°C free-air temperature, refer to Thermal Ratings for ICs, in App Note AN-336. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output should be shorted at a time. 


Note 5: All typical values are at Vcc ~ 5V, Ta = 25°C. 
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DS75125/DS75127 
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National 

Semiconductor 


DS75128/DS75129 Eight-Channel Line Receivers 


General Description 

The DS75128 and DS75129 are eight-channel line receiv- 
ers designed to satisfy the requirements of the input-output 
interface specification for IBM 360/370. Both devices fea- 
ture common strobes for each group of four receivers. The 
DS75128 has an active-high strobe; the DS75129 has an 
active-low strobe. Special low-power design and Schottky- 
diode-clamped transistors allow low supply-current require- 
ments while maintaining fast switching speeds and high-cur- 
rent TTL outputs. The DS75128 and DS75129 are charac- 
terized for operation from 0°C to 70°C. 


Features 

■ Meets IBM 360/370 I/O specification 

■ Input resistance — 7 kfl to 20 kfl 

■ Output compatible with TTL 

■ Schottky-clamped transistors 

■ Operates from a single 5V supply 

■ High speed — low propagation delay 

■ Ratio specification — tpLu/tpLH 

■ Common strobe for each group of four receivers 

■ DS75128 strobe — active-high 
DS75129 strobe — active-low 


Connection Diagrams 


DS75128 

Dual-ln-Line Package 

Vcc 1Y 2Y 3Y 4Y 5Y 6Y 7Y BY 2S 


20 |19 |18 117 16 |15 |14 |l3 |l2 111 


DS75129 

Dual-ln-Line Package 

Vcc 1Y 2Y 3Y 4Y 5Y 6Y 7Y BY 2S 


|20 |l9 |18 |17 |16 15 |14 |13 Il2 |11 



1 23456789 10 1 234567891 


2A 3A 4A 


6A 7A 8A GND 


1A 2A 3A 4A 5A 6A 7A 8A GND 


positive iogic: Y = AS TL/F/5793-1 positive logic: Y = AS TL 

Top View Top View 

Order Number DS75128J or DS75128N Order Number DS75129J or DS75129N 

See NS Package Number J20A or N20A See NS Package Number J20A or N20A 
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DS75128/DS75129 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Sales Office/ 
Distributors for avaiiabiiity and specifications. 

Supply Voltage, Vcc 7V 

Input Voltage Range -0.15Vto7V 

Strobe Input Voltage 7V 

Maximum Power Dissipation* at 25°C (Note 2) 

Cavity Package 1 564 mW 

Molded Package 1687 mW 

Operating Free-Air Temperature Range 0°Cto-l-70°C 

Storage Temperature Range -65°Cto -M50°C 

Lead Temperature 300°C 

Vi6 Inch from Case for 60 Seconds; J Package 


Lead Temperature 260°C 

Vie Inch from Case for 4 Seconds: N Package 

•Derate cavity package 10.4 mW/°C above 25°C; derate molded package 
13.5 mW/"C above 25°C. 

Recommended Operating 
Conditions 

Min Typ Max Units 

Supply Voltage, Vcc 4.5 5.0 5.5 V 

High-Level Output Current, Iqh “0.4 mA 

Low-Level Output Current, Iql 16 mA 

Operating Free-Air Temperature, Ta 0 70 °C 


Electrical Characteristics over recommended operating free-air temperature range (Note 3) 


(Notes) 


Max Units 



High-Level Output Voltage 


Low-Level Output Voltage 


Input Clamp Voltage 


High-Level Input Current 


Low-Level Input Current 


Short-Circuit Output Current 
(Note 4) 


Input Resistance 


Supply Current 



Vcc = 4.5V, V|L = 0.7V, Iqh = 0.4 mA 


Vcc = 4.5V, V|H = 1.7V, loL = 16 mA 


Vcc = 4.5V, l| = -18 mA 


Vcc = 5.5V, V| = 3.11V 


Vcc = 5.5V, V| = 2.7V 


Vcc = 5.5V, V| = 0.15V 


Vcc = 5.5V, V| = 0.4V 


Vcc = 5.5V, Vo = OV 


Vcc = 4.5V, OV, or Open, AV, = 0.15V to 4.15V 


Vcc = 5.5V, Strobe at 2.4V, All A Inputs at 0.7V 


Vcc = 5.5V, Strobe at 0.4V, All A Inputs at 0.7V 


Vcc = 5.5V, Strobe at 2.4V, All A Inputs at 4V 


Vcc = 5.5V, Strobe at 0.4V, All A Inputs at 4V 



Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: For operation above 25°C free-air temperature, refer to Thermal Ratings for ICs, in App Note AN-336. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output should be shorted at a time. 

Note 5: All typical values are at Vcc = 5V, T* = 25°C. 
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Switching Characteristics vcc = sv.ta = 25 »c 


Symbol 

Parameter 

Conditions 

DS75128 

DS75129 

Units 


Typ 

Max 


Typ 

Max 

tpLH 

Propagation Delay Time, Low-to-High-Level Output 

H 

Rl = 40on, 
Cl = 50 pF, 
See Figure 1 

7 

14 

25 

7 

14 

25 

ns 

♦PHL 

Propagation Delay Time, High-to-Low-Level Output 

m 

18 

30 

m 

18 

30 

ns 

tpLH 

Propagation Delay Time, Low-to-High-Level Output 

s 


26 

40 


20 

35 

ns 

tpHL 

Propagation Delay Time, High-to-Low-Level Output 


22 

35 


16 

30 

ns 

tpLH 

Ratio of Propagation Delay Times 

D 

0.5 

0.8 

1.3 

0.5 

0.8 

1.3 

■ 

tpHL 

tTLH 

Transition Time, Low-to-High-Level Output 

1 

7 

12 

1 

7 

12 

ns 

tlHL 

Transition Time, High-to-Low-Level Output 

1 

3 

12 

1 

3 

12 

ns 


Schematic Diagram (each receiver) 



TO THREE V— ■ ■ » 

OTHER TO SEVEN 

CHANNELS OTHER CHANNELS 


TL/F/5793-3 



M47 


DS75128/DS75129 
































































DS75128/DS75129 


AC Test Circuit and Switching Time Waveforms 



Note 1: Input pulses are supplied by a generator having the loliowing characteristics: Zq = 50fl, PRR = 5 MHz. 
Note 2: Includes probe and jig capacitance. 

Note 3: All diodes are 1 N3064 or equivalent. 

Note 4: The strobe inputs of DS75129 are in-phase with the output. 

Note 5: Vrefi = 0.7V and Vref 2 = 1-7V for testing data (A) inputs. Vrefi = Vref 2 = l-SV for strobe inputs. 

FIGURE 1 



Input Current vs 


Input Voltage, A Inputs 



Low-Level Output Voltage 
vs Output Current 



V| - INPUT VOLTAGE (V) 

TL/F/5793-8 


Iq- OUTPUT CURRENT (mA) 

TL/F/5793-9 
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National 
Semiconductor 

DS75150 Dual Line Driver 

General Description 

The DS75150 is a dual monolithic line driver designed to 
satisfy the requirements of the standard interface between 
data terminal equipment and data communication equip- 
ment as defined by EIA Standard RS-232-C. A rate of 
20,000 bits per second can be transmitted with a full 2500 
pF load. Other applications are in data-transmission sys- 
tems using relatively short single lines, in level translators, 
and for driving MOS devices. The logic input is compatible 
with most TTL and LS families. Operation is from - 1 2V and 
+ 1 2V power supplies. 


Features 

■ Withstands sustained output short-circuit to any low im- 
pedance voltage between -25V and +25V 

■ 2 Jits max transition time through the -3V to +3V tran- 
sition region under full 2500 pF load 

■ Inputs compatible with most TTL and LS families 

■ Common strobe input 

■ Inverting output 

■ Slew rate can be controlled with an external capacitor 
at the output 

■ Standard supply voltages ±12V 



Schematic and Connection Diagrams 



TL/F/5794-1 


Component values shown are nominal. 
1 /2 of circuit shown 


Dual-ln-Llne Package 


+Vcc IV 2Y -Vcc 



TL/F/5794-2 

Top View 

Positive Logic C = AS 

Order Number DS75150J-8, 
DS75150M or DS75150N 
See NS Package Number 
J08A, M08A or N08E 
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DS75150 


Absolute Maximum Ratings (Notei) Operating Conditions 




If Military/Aerospace specified devices are required, 


Min Max 

Units 

contact 

the National Semiconductor Sales Office/ Supply Voltage ( -I- Vcc) 

10.8 

13.2 

V 

Distributors for availability and specifications. Supply Voltage (- Vcc) 

-10.8 - 

13.2 

V 

Supply Voltage -1- Vcc 

Input Voltage (V|) 

0 -F5.5 

V 

Supply Voltage - Vcc 

1 5V Output Voltage (Vq) 


±15 

V 

Input Voltage 

15V Operating Ambient Temperature 




Applied Output Voltage 

+ 25V Range (Ta) 

0 -f-70 

'C 

Storage Temperature Range 
Maximum Power Dissipation* at 25°C 

-65°Cto -M50'’C 






Cavity Package 

1133 mW 






Molded DIP Package 

1022mW 






SO Package 

655 mW 






Lead Temperature (Soldering, 4 sec.) 

260“C 






•Derate cavity package 7,6 mW/”C above 25'C; derate molded DIP package 
8.2 mW/°C above 25°C. Derate SO package 8.01 mW/°C above 25”C. 






DC Electrical Characteristics (Notes 2, 3, 4 and s) 






Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VlH 

High-Level Input Voltage 

(Figure 1) 

2 



V 

V|L 

Low-Level Input Voltage 

(Figure 2) 



0.8 

V 

Vqh 

High-Level Output Voltage 

+ Vcc = 10.8V, -Vcc = -13.2 V,V|l = 0.8V, 

5 

8 


V 



Rl = 3 kn to 7 kft (Figure 2) 




VoL 

Low-Level Output Voltage 

+ Vcc = 10.8V, -Vcc = -10.8V, V|H = 2 V, 
Rl = 3 kn to 7 kn (Figure 1) 


-8 

-5 

V 

l|H 

High-Level Input Current 

■f Vcc = 13.2V, -Vcc = -13.2V, 
V| = 2Ay, (Figure 3) 

Data Input 


1 

10 

jaA 



+ Vcc = 13.2V, - Vcc = -13.2V, 

Strobe Input 



20 

jliA 



V| = 2Ay, (Figure 3) 




l|L 

Low-Level Input Current 

+ Vcc = 13.2V. -Vcc = -13.2V, 
V| = ^ AN, (Figure 3) 

Data Input 


-1 

-1.6 

mA 



+ Vcc = 13.2V, -Vcc = -13.2V, 
V| = 0.4V, (Figure 3) 

Strobe Input 


-2 

-3.2 

mA 

bs 

Short-Circuit Output Current 

-t-Vcc = 13.2V. -Vcc = -13.2V, 

Vo = 25V 


2 

5 

mA 



(Figure 4), (Note 4) 

Vo = -25V 


-3 

-6 

mA 




Vo = OV, V| = 3V 


15 

30 

mA 




Vo = OV, V| = OV 


-15 

-30 

mA 

+ bCH 

Supply Current From +Vcc. 

+ Vcc = 13.2V. -Vcc = -13.2V, Vi = OV, 


10 

22 

mA 


High-Level Output 

Rl = 3 kfl, Ta = 25°C, (Figure 5) 



-IcCH 

Supply Current From - Vcc. 
High-Level Output 

+ Vcc = 13.2V, -Vcc = -13.2V, V| = OV, 
R(_ = 3 kn, Ta = 25°C, (Figure 5) 


-1 

-10 

mA 

+ bCL 

Supply Current From + Vcc. 

+ Vcc = 13.2V, -Vcc = -13.2V, V| = 3V, 


8 

17 

mA 


Low-Level Output 

Rl = 3 kft, Ta = 25°C, (Figure 5) 



“bCL 

Supply Current From - Vcc. 
Low-Level Output 

+ Vcc = 13.2V, - Vcc = -13.2V,V| = 3V, 
Rl = 3 kfl, Ta == 25'C, (Figure 5) 


-9 

-20 

mA 

Note 1: "Absolute Maximum Ratings” are those vaiues beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to imply that the devices shouid be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 

operation 








Note 2: Unless otherwise specified min/max limits apply across the O’C to +70X range for the DS75150. All typical values are Ta 

= 25°C and -t-Vcc 

= 12 V, 

"Vcc = 

-12V. 







Note 3: All current into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown as 

max or min on absolute value basis. 







Note 4: Only one output at a time should be shorted. 






Note 5: The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels only, e.g., when 

- 5V is the maximum, the typical value is more-negative voitage. 
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DS75150 













































DS75150 


AC Test Circuit and Switching Waveforms 


3V +Vcc -Vcc 



TL/F/5794-8 



Note 1: The pulse generator has the following characterstics; 
duty cycle ^ 50%, Zqut = SOfi. 

Note 2: C). Includes probe and jig capacitance. 

FIGURE 6 


TL/F/5794-9 


Typical Performance Characteristics 


Output Current vs 
Applied Output Voltage 



Vo - APPLIED OUTPUT VOLTAGE (V) 


TL/F/5794-10 

FIGURE 7 
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National 

Semiconductor 


DS75154 Quad Line Receiver 


General Description 

The DS751 54 is a quad monolithic line receiver designed to 
satisfy the requirements of the standard interface between 
data terminal equipment and data communication equip- 
ment as defined by EIA Standard RS-232C. Other applica- 
tions are in relatively short, single-line, point-to-point data 
transmission systems and for level translators. Operation is 
normally from a single 5V supply: however, a built-in option 
allows operation from a 12V supply without the use of addi- 
tional components. The output is compatible with most TTL 
and LS circuits when either supply voltage is used. 

In normal operation, the threshold-control terminals are 
connected to the Vcci terminal, pin 15, even if power is 
being supplied via the alternate Vcc2 terminal, pin 16. This 
provides a wide hysteresis loop which is the difference be- 
tween the positive-going and negative-going threshold volt- 
ages. In this mode, if the input voltage goes to zero, the 
output voltage will remain at the low or high level as deter- 
mined by the previous input. 

For fail-safe operation, the threshold-control terminals are 
open. This reduces the hysteresis loop by causing the nega- 


tive-going threshold voltage to be above zero. The positive- 
going threshold voltage remains above zero as it is unaffect- 
ed by the disposition of the threshold terminals. In the fail- 
safe mode, if the input voltage goes to zero or an open-cir- 
cuit condition, the output will go to the high level regardless 
of the previous input condition. 

Features 

■ Input resistance, 3 kft to 7 kO over full RS-232C volt- 
age range 

■ Input threshold adjustable to meet “fail-safe” require- 
ments without using external components 

■ Inverting output compatible with TTL or LS 

■ Built-in hysteresis for increased noise immunity 

■ Output with active pull-up for symmetrical switching 
speeds 

■ Standard supply voltage — 5V or 12V 


Schematic Diagram 


COMMON TO 4 CIRCUITS 



1 



Note: When using Vcci (Pifi IS), Vcc 2 (Pin 16) maybe left open or shorted to Vcci- When using Vcc 2 . Vcci rnust be left open or connected to the threshoid 
control pins. 
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DS75154 



DS75154 


Absolute Maximum Ratings (Note i) Operating Conditions 

If Military/Aerospace specified devices are required, Min Max Units 

contact the National Semiconductor Sales Office/ Supply Voltage (Pin 15), (Vcci) 4.5 5.5 V 

Distributors for availability and specifications. Alternate Supply Voltage 

Normal SupplyVoltage (Pin 15), (Vcci) 7V (Pin 16), (Vcc2) 10.8 13.2 V 

AlternateSupply Voltage (Pin 16), (Vcc2) 14V Input Voltage ±15 V 

Input Voltage ±25V Temperature, (Ta) 0 +70 °C 

Storage T emperature Range - 65°C to +1 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 433 mW 

Molded DIP Package 1362mW 

Lead Temperature (Soldering, 4 seconds) 260°C 

'Derate cavity package 9.6 mW/°C above 25°C; derate molded DIP package 
10.9 mW/”C above 25”C; derate SO package 8.01 mW/°C above 25"C. 

Electrical Characteristics (Notes 2, 3 and 4) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

High-Level Input Voltage 

(Figure 1) 

3 



V 

V|L 

Low-Level Input Voltage 

(Figure 1) 



-3 

V 

Vt+ 

Positive-Going Threshold Voltage 

(Figure 1) 

Normal Operation 

0.8 

2.2 

3 

V 

Fail-Safe Operation 

0.8 

2.2 

3 

V 

Vt- 

Negative-Going Threshold Voltage 

(Figure 1) 

Normal Operation 

-3 

-1.1 

0 

V 

Fail-Safe Operation 

0.8 

1.4 

3 

V 

Vt+-Vt- 

Hysteresis 

(Figure 1) 

Normal Operation 

0.8 

3.3 

6 

V 

Fail-Safe Operation 

0 

0.8 

2.2 

V 

VOH 

High-Level Output Voltage 

IOH= -400 )liA, (Figure 1) 

El 

3.5 


V 

VoL 

Low-Level Output Voltage 

Iql = 1 6 mA, (Figure 1) 


0.23 

0.4 

V 

■ 

Input Resistance 

(Figure 2) 

AV|=-25V to -14V 

3 

5 

7 

kft 

AV|=-14Vto -3V 

3 

5 

7 

kft 

AV|=-3Vto +3V 

3 

6 


kft 

AV| = 3V to 14V 

3 

5 

7 

kft 

AV|=14Vto 25V 

3 

5 

7 

kft 


Open-Circuit Input Voltage 

l|=0, (Figured) 

0 

0.2 

2 

V 

>os 

Short-Circuit Output Current 
(Note 5) 

Vcci — 5.5V, V| = — 5V, (Figure 4) 

-10 

-20 

-40 

mA 

Icci 

Supply Current From Vcci 

Vcci = 5.5V, Ta= 25°C, (Figure 5) 


20 

35 

mA 

ICC2 

Supply Current From Vcc2 

VcC2 = 1 3.2V, Ta = 25'C, (Figure 5) 


23 

40 

mA 

Switching Characteristics (Vcci=5v,ta=25»c) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

IPLH 

Propagation Delay Time, Low-to-High 
Level Output 

Cl = 50 pF, Rl= 390ft, (Figure 6) 


22 


ns 

IPHL 

Propagation Delay Time, High-to-Low 
Level Output 

Cl=50 pF, RL=390ft, (Figure 6) 


20 


ns 

Itlh 

Transition Time, Low-to-High Level 
Output 

Cl =50 pF, Rl= 390ft, (Figure 6) 


9 


ns 

1th L 

Transition Time, High-to-Low Level 
Output 

Cl=50 pF, RL=390ft, (Figure 6) 


6 


ns 

Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the O'C to +70°C range for the DS75154. All typical values are for Ta= 25'C and Vcci =5V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic and threshold levels 
only, e.g., when -3V is the maximum, the minimum limit is a more-negative voltage. 

Note 5: Only one output at a time should be shorted. 
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Typical Performance Characteristics 


Output Voltage vs 
Input Voltage 



■ 

HHillllllllllll 

■ 


■ 


■ 

EEBSEiESBSZI 

BH 

■■laaiaii 

■ 


■ 




-3-2-10 1 2 3 


INPUT VOLTAGE (V) 


DC Test Circuits and Truth Tables 


Connection Diagram 

Dual-In-Line Package 


THRESHOLD 

ALT NORM CONT t 

4T 1Y 


3Y 4Y Rt 



3T 2T IT 1A 2A 3A 4A GND 

THRESHOLD _ INPUTS 

CONTROLS Y = A 

TL/F/5795-2 

Top View 

Order Number DS75154J, DS75154M or DS75154N 
See NS Package Number J16A, M16A or N16A 


1 OPEN 

rTii _ii® L _ 

Vcci Vccj Rl ^ 





Test 

Measure 

Open-Circuit Input 

Vqh 

(Fail-Safe) 

Vqh 

Vj+ min, 

Vqh 

Vt- (Fail-Safe) 

Vqh 

Vj+ min (Normal) 

Vqh 


VoH 

V|i_ max, 

Vqh 

Vj- min (Normal) 

VoH 

V|H min, Vt+ max. 

Vql 

Vj- max (Fail-Safe) 

Vql 

V]H min, Vj+ max. 

Vql 

(Normal) 

VoL 

Vj- max (Normal) 

Vql 


Vql 



Note 1: Momentarily apply — 5V, then 0.8V. 
Note 2: Momentarily apply 5V, then ground. 


(Note 2) 
(Note 2) 


FIGURE 1. V|H, V|L, Vt+, Vt-, Vqh. Vql 


Vcci 

Vcc2 

(Pin 15) 

(Pin 16) 

4.5V 

Open 

Open 

10.8V 

5.5V 

Open 

Open 

13.2V 

5.5V and T 

Open 

T 

13.2V 

5.5V andT 

Open 

T 

13.2V 

4.5V 

Open 

Open 

10.8V 

4.5V and T 

Open 

T 

10.8V 

5.5V and T 

Open 

T 

13.2V 


1-155 























































DS75154 


DC Test Circuits and Truth Tabies (Continued) 



TL/F/5795-5 


FIGURE 3. V|(OPEN) 



TL/F/5795-6 

Each output is tested separately. 

FIGURE 4. los 



TL/F/5795-7 

All four line receivers are tested simultaneously. 

FIGURE 5. Ice 
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AC Test Circuit and Switching Time Waveforms 


INPUT 5V OUTPUT 



TL/F/5795-9 

Note 1: The pulse generator has the following characteristics: ZouT“50n, tw = 200 ns, duty cycle ^ 20%. 

Note 2: C|. Includes probe and jig capacitance. 

FIGURE 6 
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DS75154 



DS75176A/DS75176AT 




PRELIMINARY 



DS75176A/DS75176AT Multipoint 
RS-485/RS-422 Transceivers 


General Description 

The DS75176A is a high speed differential TRI-STATE® 
bus/line transceiver designed to meet the requirements of 
EIA standard RS485 with extended common mode range 
(4 12V to -7V), for multipoint data transmission. In addition 
it meets the requirements of RS422. 

The driver and receiver outputs feature TRI-STATE capabili- 
ty, for the driver outputs over the entire common mode 
range of 412V to -7V. Bus contention or fault situations 
that cause excessive power dissipation within the device 
are handled by a thermal shutdown circuit, which forces the 
driver outputs into the high impedance state. 

The receiver incorporates a fail safe feature which guaran- 
tees a high output state when the inputs are left open. 

Both AC and DC specifications are guaranteed over the 0 to 
70°C temperature and 4.75V to 5.25V supply voltage range. 

Features 

■ Meets EIA standard RS485 for multipoint bus transmis- 
sion and RS422. 

■ Small Outline (SO) Package option available for mini- 
mum board space. 


■ 22 ns driver propagation delays with 8 ns skew (typi- 
cal). 

■ Single channel per package isolates faulty channels 
(from shutting down good channels). 

■ Single 4 5V supply. 

■ -7V to 412V bus common mode range permits ±7V 
ground difference between devices on the bus. 

■ Thermal shutdown protection. 

■ Power-up down glitch-free driver outputs permit live in- 
sertion or removal of transceivers. 

■ High impedance to bus with driver in TRI-STATE or 
with power off, over the entire common mode range al- 
lows the unused devices on the bus to be powered 
down. 

■ Pin out capatible with DS3695 and SN75176A. 

■ Combined impedance of a driver output and receiver in- 
put is less than one RS485 unit load, allowing up to 32 
transceivers on the bus. 

■ 70 mV typical receiver hysteresis. 


Connection and Logic Diagram 



TL/F/8759-1 

Top View 

Order Number DS75176AN, DS75176AM, 
DS75176AJ-8, DS75176ATN 
See NS Package Number NOSE, M08A or J08A 
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Absolute Maximum Ratings (Notei) 


If Military/Aerospace specified devices are required. 

Storage Temperature Range 

- 

65°Cto +150°C 

contact the National Semiconductor 

' Sales Office/ 

Lead Temperature (Soldering, 4 seconds) 


260°C 

Distributors for avaiiability and specifications. 





Supply Voltage, Vcc 

7V 

Recommended Operating 



Control Input Voltages 

7V 

Conditions 




Driver Input Voltage 

7V 


Min 

Max 

Units 

Driver Output Voltages 

+15V/ -10V 

Supply Voltage, Vcc 

4.75 

5.25 

V 

Receiver Input Voltages (DS75176A) 

+ 15V/ -10V 

Voltage at Any Bus Terminal 

-7 

-M2 

V 

Receiver Output Voltage 

5.5V 

(Separate or Common Mode) 




Continuous Power Dissipation @25°C 


Operating Free Air Temperature Ta 




for M Package 

675 mW (Note 5) 

DS75176A 

0 

-f 70 

°c 

Continuous Power Dissipation @25°C 


DS75176AT 

-40 

-1-85 

°c 

(for N Package) 

900 mW (Note 4) 

Differential Input Voltage, 





VID(Note6) +12V 


Electrical Characteristics (Notes 2 and 3) 


0°C ^ Ta ^ 70°C, 4.75V < Vcc < 5.25V unless otherwise specified 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VODI 

Differential Driver Output 
Voltage (Unloaded) 

lo = 0 



5 

V 

VoD2 

Differential Driver Output 
Voltage (with Load) 

(Figure 1) 

R = 50n; (RS-422) (Note 4) 

2 



V 

R = 27n; (RS-485) 

1.5 



V 

AVqd 

Change in Magnitude of Driver 
Differential Output Voltage For 
Complementary Output States 

(Figure 1) 

R = 27ft 



0.2 

V 

Voc 

Driver Common Mode Output 
Voltage 



3.0 

V 

> 

< 

o 

o 

Change in Magnitude of Driver 
Common Mode Output Voltage 
For Complementary Output 
States 



0.2 

V 

V|H 

Input High Voltage 

Dl.DE, 
RE, E 


2 



V 

V|L 

Input Low Voltage 




0.8 


VCL 

Input Clamp Voltage 

I|N = -18 mA 



-1.5 


l|L 

Input Low Current 

V|L = 0.4V 



-200 

jaA 

l|H 

Input High Current 

V|H = 2.4V 



20 

jiiA 

n 

Input 

Current 

DO/RI, DO/RI 

Vcc = OV or 5.25V 
DE = OV 

V,N = 12V 



-M.O 

mA 

V|N = -7V 



-0.8 

mA 

Vth 

Differential Input Threshold 
Voltage for Receiver 

-7V ^ VcM ^ + 12V 

-0.2 


-F0.2 

V 

aVth 

Receiver Input Hysteresis 

VcM = OV 


70 


mV 

VOH 

Receiver Output High Voltage 

Iqh ~ —400 JH.A 

2.4 



V 

VoL 

Output Low 
Voltage 

RO 

Iql = 16 mA (Note 7) 



0.5 

V 

LF 

Iql = 8 mA 



0.45 

V 

Iqzr 

OFF-State (High Impedance) 
Output Current at Receiver 

Vcc = Max 
0.4V ^ Vo ^ 2.4V 



±20 

fxA 

Rin 

Receiver Input Resistance 

— 7V ^ VcM ^ +12V 

12 



kft 

Icc 

Supply Current 

No Load 
(Note 7) 

Driver Outputs Enabled 


35 

50 

mA 

Driver Outputs Disabled 


27 

40 

mA 


1-159 


DS75176A/DS75176AT 










































DS75176A/DS75176AT 


Electrical Characteristics (Notes 2 and 3) 

0°C ^ Ta ^ 70°C, 4.75V < Vcc < 5.25V unless otherwise specified (Continued) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

loSD 

Driver Short-Circuit 

Vo = -7V(Note7) 



-250 

mA 


Output Current 

Vo = -M2V(Note7) 



-1-250 

mA 

loSR 

Receiver Short-Circuit 
Output Current 

> 

0 

II 

0 

> 

-15 


-85 

mA 


Note 1: “Absolute Maximum Ratings" are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should 
be operated at these limits. The tables of "Electrical Characteristics” provide conditions for actual device operation. 

Note 2: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless otherwise 
specified. 

Note 3: All typicals are given for Vcc = 5V and Ta = 25°C. 

Note 4: Derate linearly at 5.56 mW/”C to 650 mW at 70“C. 

Note 5: Derate linearly @ 6.11 mW/“C to 400 mW at 70“C. 

Note 6: Differential - Input/Output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B. 

Note 7: All worst case parameters for which note 7 is applied, must be increased by 10% for DS75176AT. The other parameters remain valid for -40°C < Ta 

< +85°C. 

Switching Characteristics 4.75V ^ vcc ^ 5.25V; o°c < ta < 7 o°c 


Symbol 


tpLH 


*PHL 


tSKEW 


Parameter 

Conditions 

Driver Input to Output 

^Lqiff ~ 60fl 

Driver input to Output 

C|_i = C|_2 = 100 pF 

Driver Output to Output 

(Figures 3 and 5) 

Driver Rise Time 

^Ldiff ^ 

Driver Fall Time 

Clt =C|_2 = 100 pF 


(Figures 3 and 5) 

Driver Enable to Output High 

Cl = 100 pF (Figures 4 and 6) SI Open 

Driver Enable to Output Low 

Cl = 100 pF (Figures 4 and 6) S2 Open 

Driver Disabie Time from Low 

Cl = 1 5 pF (Figures 4 and 6) S2 Open 

Driver Disable Time from High 

Cl = 15 pF (Figures 4 and 6) SI Open 

Receiver Input to Output 

Cl = 1 5 pF (Figures 2 and 7) 

Receiver Input to Output 

SI and S2 Closed 

Receiver Enable to Output Low 

Cl = 15 pF (Figures 2 ax\6 8) S2 Open 

Receiver Enable to Output High 

Cl = 15 pF (Figures 2 and 8) SI Open 

Receiver Disable from Low 

Cl = 1 5 pF (Figures 2 and 8) S2 Open 

Receiver Disable from High 

Cl = 1 5 pF (Figures 2 and 8) SI Open 

St Circuits 




t 

Vx 

\ 

TL/F/8759-2 


Cl 

imCLUDES nOBE 
AND JIG 
CAPACITANCE) 



Note; SI and S2 of load circuit are closed except as otherwise mentioned. 

FIGURE 2 


< "Loiff I 

1 =60n — — Ci.2 = 'Mpl i 


(INCLUOESPBOBE 'T' 

AND JIG I I 

CAPACITANCE) JL/F 

Note: Unless othenvise specified the switches are closed. 

FIGURE 4 
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FIGURE 5. Driver Propagation Delays 


TL/F/8759-10 




TL/F/8759-8 


Note; Differential input voltage may may be realized by grounding Rl and pulsing Rl between +2.5V and -2.5V 

FIGURE 7. Receiver Propagation Delays 




DS75176A/DS75176AT 


Switching Time Waveforms (Continued) 


Ro 

OUTPUT 

NORMALLY LOW 


Ro 

OUTPUT 

NORMALLY HIGH 


f = IMHztt, ^ 10ns 
: tf ^ 10 ns 



Function Tabies 


FIGURE 8. Receiver Enable and Disable Times 


DS75176A Transmitting 


Inputs 

Line 

Outputs 

RE 

DE 

Dl 

Condition 

DO 

DO 

X 

1 

1 

No Fault 

0 

1 

X 

1 

0 

No Fault 

1 

0 

X 

0 

X 

X 

z 

z 

X 

1 

X 

Fault 

z 

z 


DS75176A Receiving 


Inputs 

Outputs 

RE 

DE 

RI-RI 

RO 

0 

0 

S +0.2V 

1 

0 

0 

^ -0.2V 

0 

0 

0 

Inputs Open” 

1 

1 

0 

X 

z 


X — Don’t care condition 
Z — High impedance state 

Fault — Improper line conditons causing excessive power dissipation in the driver, such as shorts or bus contention situations 
••This is a tail safe condition 


Typical Application 

DS75176A/DS3695/DS3696 


DS3697/DS369B 



DS75176A/DS3696 
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NaHonal 
Semiconductor 

DS7820/DS8820 Dual Line Receiver 


General Description 

The DS7820, specified from -55°C to +125°C, and the 
DS8820, specified from 0°C to +70°C, are digital line re- 
ceivers with two completely independent units fabricated on 
a single silicon chip. Intended for use with digital systems 
connected by twisted pair lines, they have a differential in- 
put designed to reject large common mode signals while 
responding to small differential signals. The output is direct- 
ly compatible with TTL or LS integrated circuits. 

The response time can be controlled with an external ca- 
pacitor to eliminate noise spikes, and the output state is 
determined for open inputs. Termination resistors for the 
twisted pair line are also included in the circuit. Both the 
DS7820 and the DS8820 are specified, worst case, over 
their full operating temperature range, for ± 10-percent sup- 
ply voltage variations and over the entire input voltage 
range. 


Connection Diagram 

Dual-ln-Line Package 


t 

INPUT — — 


2 

TERMINATION — 


3 

INPUT ■ — 


4 

STROBE — — 


RESPONSE TIME 


6 

OUTPUT — — 


7 

GROUND ' ■ — 


TL/F/5796-2 

Top View 

Order Number OS7820J, DS8820J or DS8820N 
See NS Package Number J14A or N14A 



Features 

■ Operation from a single +5V logic supply 

■ Input voltage range of ±15V 

■ Each channel can be strobed independently 

■ High input resistance 

■ Fan out of two with TTL integrated circuits 

■ Strobe low forces output to “1” state 
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DS7820/DS8820 


Absolute Maximum Ratings (Notei) 


If Military/ Aerospace specified devices are required, 

Maximum Power Dissipation 

♦ at 25°C 



contact the National Semiconductor Saies 

Office/ 

Cavity Package 



1308 mW 

Distributors for availability and specifications. 


Molded Package 



1207 mW 

Supply Voltage 

8.0V 

•Derate cavity package 8.7 mW/^C above 25®C; derate molded package 

Input Voltage 

±20V 

a./ mvv/ o auuva o. 




Differential Input Voltage 

±20V 

Operating Conditions 



Strobe Voltage 

8.0V 


Min 

Max 

Units 

Output Sink Current 

25 mA 

Supply Voltage (Vcc) 




Storage Temperature Range -65°Cto 

4-150°C 

DS7820 

DS8820 

4.5 

4.75 

5.5 

5.25 

V 

V 

Lead Temperature (Soldering, 4 sec.) 

260°C 

Temperature (Ta) 






DS7820 

-55 

-M25 

“C 



DS8820 

0 

+ 70 

°c 


Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vth 

Input Threshold Voltage 

Vcm = ov 

-0.5 

0 

0.5 

V 

-15V ^ Vcm ^ 15V 

-1.0 

0 

1.0 

V 

Vqh 

High Output Level 

Iqut ^ 0-2 mA 

2.5 


5.5 

V 

Vql 

Low Output Level 

•sink ^ 3-5 mA 

0 


0.4 

V 

Rr 

Inverting Input Resistance 


3.6 

5.0 


kft 

R| + 

Non-Inverting Input Resistance 


1.8 

2.5 


kfl 

Rt 

Line Termination Resistance 

Ta = 25“C 

120 

170 

250 

n 

tr 

Response Time 

Cqelay = 0 pF 


40 


ns 

Cdelay = 100 pF 


150 


ns 

1st 

Strobe Current 

VsTROBE = 0.4V 


-1.0 

-1.4 

mA 

VsTROBE = 5.5V 



5.0 

jxA 

Icc 

Power Supply Current 

VtN = 15V 


3.2 

6.0 

mA 

> 

o 

11 

z 

> 


5.8 

10.2 

mA 

V|N = -15V 


8.3 

15.0 

mA 

l|N + 

Non-Inverting Input Current 

ViN = 15V 


5.0 

7.0 

mA 

> 

o 

II 

z 

> 

-1.6 

-1.0 


mA 

V|N = -15V 

-9.8 

-7.0 


mA 

l|N~ 

Inverting Input Current 

V|N = 15V 


3.0 

4.2 

mA 

> 

o 

II 

z 

> 


0 

-0.5 

mA 

V|N = -15V 

-4.2 

-3.0 


mA 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: These specifications apply for 4.5V ^ Vcc ^ 5-5V, — 15V s Vcm ^ 15V and -55"C s T^ s + 125°C for the DS7820 or 0°C ^ T* ^ +70°C for the 
DS8820 unless otherwise specified; typical values given are for Vcc == 5.0V, Ta = 25'C and Vqm = 0 unless stated differently. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: The specifications and curves given are for one side only. Therefore, the total package dissipation and supply currents will be double the values given when 
both receivers are operated under identical conditions. 


1-164 












































































































OUTPUT VOLTAGE (V) INPUT VOLTAGE (V) OIFEEREHTIAL INPUT VOLTAGE (V) 



1-165 


DS7820/DS8820 










INVERTING 

INPUT 




i. 


STROBE 


TL/F/5796-1 




National 

Semiconductor 


DS7820A/DS8820A Dual Line Receiver 


General Description 

The DS7820A and the DS8820A are improved performance 
digital line receivers with two completely independent units 
fabricated on a single silicon chip. Intended for use with 
digital systems connected by twisted pair lines, they have a 
differential input designed to reject large common mode sig- 
nals while responding to small differential signals. The out- 
put is directly compatible with TTL or LS integrated circuits. 
The response time can be controlled with an external ca- 
pacitor to reject input noise spikes. The output state is a 
logic “1" for both inputs open. Termination resistors for the 
twisted pair line are also included in the circuit. Both the 
DS7820A and the DS8820A are specified, worst case, over 


their full operating temperature range (-55°C to -M25°C 
and 0°C to 70°C respectively), over the entire input voltage 
range, for ±10% supply voltage variations. 

Features 

■ Operation from a single +5V logic supply 

■ Input voltage range of ±15V 

■ Strobe low forces output to “1” state 

■ High input resistance 

■ Fanout of ten with TTL integrated circuits 

■ Outputs can be wire OR’ed 

■ Series 54/74 compatible 
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DS7820A/DS8820A 




DS7820A/DS8820A 


Absolute Maximum Ratings (Note i) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 8.0V 

Common-Mode Voltage ±20V 

Differential Input Voltage ± 20V 

Strobe Voltage 8.0V 

Output Sink Current 50 mA 

Storage Temperature Range -65°C to 150°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 308 mW 

Molded Package 1207mW 

Lead T emperature (Soldering, 4 sec.) 260°C 

•Derate cavity package 8.7 mW/°C above 25°C; derate molded package 

9.7 mW/”C above 25°C. 

Electrical Characteristics (Notes 2, 3, and 4) 


Symbol 


Operating Conditions 

Min Max 

Supply Voltage (Vcc) 

DS7820A 4.5 5.5 

DS8820A 4.75 5.25 

Temperature (Ta) 

DS7820A -55 -I- 125 

DS8820A 0 -I- 70 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Differential Threshold Voltage 

louT = -400 fiA, 

-3V ^ Vcm ^ +3V 


0.06 

0.5 

V 


VouT ^ 2.5V 

-15V ^ Vcm ^ +15V 


0.06 

1.0 

V 


Iqut — +16 mA, 

-3V ^ Vcm ^ +3V 


-0.08 

-0.5 

V 


VouT ^ 0.4V 

-15V ^ Vcm ^ +15V 


-0.08 

-1.0 

V 

Inverting Input Resistance 

-15V ^ Vcm ^ +15V 

3.6 

5 


kfl 

Non-Inverting Input Resistance 

-15V ^ Vcm ^ +15V 

1.8 

2.5 


kft 

Line Termination Resistance 

Ta = 25“C 

120 

170 

250 

Cl 

Inverting Input Current 

< 

o 

CJl 

< 


3.0 

■a 

mA 


> 

o 

II 

o 

> 


0 

-0.5 

mA 


Vcm = -15V 


-3.0 

mm 

mA 

Non-Inverting Input Current 

Vcm = 15V 


5.0 

7.0 

mA 


> 

o 

II 

o 

> 


-1.0 

-1.6 

mA 


Vcm = -15V 


-7.0 

-9.8 

mA 

Power Supply Current 

Iqut = Logical “0” 

Vdiff=-iv Vcm = 15V 


3.9 

6.0 

mA 

One Side Only 


Vcm = -15V 


9.2 

14.0 

mA 



Vdiff = -0.5V, Vcm = OV 


6.5 

10.2 

mA 

Logical "1” Output Voltage 

louT = -400 (liA, Vpipp = IV 

2.5 

4.0 

5.5 

V 

Logical “0” Output Voltage 

Iqut = +16mA, VoiFF= -IV 

0 

0.22 

0.4 

V 

Logical “1 ” Strobe Input Voltage 

'out = + 16 mA, Vqut ^ 0.4V, Vpipp = -3V 

2.1 



V 

Logical “0” Strobe Input Voltage 

Iqut = -400 nA, Vout ^ 2.5V, Vdiff = -3V 



0.9 

V 

Logical “1” Strobe Input Current 

VsTROBE = 5.5V, VpiFF = 3V 


0.01 

5.0 

jliA 

Logical “0” Strobe Input Current 

VSTROBE = 0.4V, VpiFF = -3V 


-1.0 

-1.4 

mA 

Output Short Circuit Current 

Vq = ov, Vcc = 5.5V, VstroBE = OV 

-2.8 


ira 

mA 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: These specifications apply for 4.5V ^ Vcc ^ 5.5V, -15V i Vcm s 15V and -55°C ^ Ta ^ +125°C for the DS7820A or 4.75V ^ Vcc ^ 5.25V, 0°C ^ 
Ta ^ +70°C tor the DS8820A unless otherwise specified. Typical values given are for Vcc = 5.0V, Ta = 25°C and Vcm = OV unless stated differently. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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Switching Characteristics Ta = 25°C, Vcc = 5V, unless otherwise noted 


Conditions 


Rl = 400 fl, C|_ = 15 pF, see Figure 1 


Symbol 

Parameter 

tpdO 

Propagation Delay, Differential 
Input to “0” Output 

Ipdl 

Propagation Delay, Differential 
Input to “1” Output 

tpdO 

Propagation Delay, Strobe 
Input to “0” Output 

*pd1 

Propagation Delay, Strobe 
Input to “1” Output 


AC Test Circuit and Waveforms 


1 I\1 14 


Typ 

Max 

Units 

30 

45 

ns 

27 

40 

ns 

16 

25 

ns 

18 

30 

ns 


il5pF* I™''’'’ _J_ 

•Includes Jig and Probe Capacitance 


• STROBE - 
INPUT 


t, = t( = ID ns 
PRR = 1 MHz 




A = Differential Input to “0” Output 
B = Differential Input to "1” Output 
C = Strobe Input to "0" Output 
D = Strobe Input to “1” Output 

FIGURE 1 
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DIFFERENTIAL DELAY (ns) SUPPLY CURRENT (nA) OUTPUT VOLTAGE (V) DIFFERENTIAL THRESHOLD VOLTAGE (V) 


Typical Performance Characteristics (Notes) 



Common-Mode Voltage 

Supply Voltage Sensitivity Sensitivity Temperature Sensitivity 



SUPPLY VOLTAGE (V) 


COMMON MODE VOLTAGE IV) 


TaCC) 


Transfer Function 



DIFFERENTIAL INPUT VOLTAGE (VI 


Termination Resistance 



TaCC) 


Input Characteristics 



INPUT VOLTAGE (WITH RESPECT TO GROUND) (V) 


Power Supply Current internal Power Dissipation Output Voltage Levels 



COMMON-MODE VOLTAGE (V) COMMON MODE VOLTAGE (V) Ta ('C) 


Differential Input Delays Strobe Delays Noise Rejection 



^ ( C) Cr£sponSE TIME CONTROL (pF) 


TL/F/5797-6 
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Schematic Diagram 



Typical Applications 


Differential Line Driver and Receiver 

Cl = .01 Ilf 



•Optional to control response time. STROBE — TL/F/5797-3 


Single Ended (EIA-RS232C) Receiver with Hysteresis 
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DS78C20/DS88C20 


National 

Semiconductor 


DS78C20/DS88C20 Dual CMOS Compatible 
Differential Line Receiver 


General Description 

The DS78C20 and DS88C20 are high performance, dual 
differential, CMOS compatible line receivers for both bal- 
anced and unbalanced digital data transmission. The inputs 
are compatible with EIA and Federal Standards. 

Input specifications meet or exceed those of the popular 
DS7820/DS8820 line receiver, and the pinout is identical. 

A response pin is provided for controlling sensitivity to input 
noise spikes with an external capacitor. Each receiver in- 
cludes a 1800 terminating resistor, which may be used op- 
tionally on twisted pair lines. The DS78C20 is specified over 
a — 55°C to + 125°C operating temperature range, and the 
DS88C20 over a 0°C to -I- 70°C range. 


Features 

■ Meets requirements of EIA Standards RS-232-C RS- 
422 and RS-423, and Federal Standards 1020 and 
1030 

■ Input voltage range of ±15V (differential or common- 
mode) 

■ Separate strobe input for each receiver 

■ Va Vcc strobe threshold for CMOS compatibility 

■ 5k typical input impedance 

■ 50 mV input hysteresis 

■ 200 mV input threshold 

■ Operation voltage range = 4.5V to 15V 

■ DS7830/DS8830 or MM78C30/MM88C30 recommend- 
ed driver 


Connection Diagram 


Dual-In-Line Package 

„ .. TERMI- RESPONSE 

Vcc -INPUT nation +INPUT STROBE jime OUTPUT 



-INPUT TERMI- -HNPUT STROBE RESPONSE OUTPUT GND 
NATION TIME 


Top View 

Order Number DS78C20J, DS88C20J or DS88C20N 
See NS Package Number J14A or N14A 


TL/F/5798-1 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Saies Office/ 
Distributors for avaiiabiiity and specifications. 

Supply Voltage 18V 

Common-Mode Voltage ±25V 

Differential Input Voltage ± 25V 

Strobe Voltage 18V 

Output Sink Current 50 mA 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 364 mW 

Molded Package 1280 mW 

Storage Temperature Range -65°Cto + 150°C 

Lead Temperature (Soldering, 4 seconds) 260°C 

'Derate cavity package 9,1 mW/°C; derate molded package 10.2 mW/°C 
above 25”C. 


Operating Conditions 

M 

Supply Voltage (Vcc) 4. 

Temperature (Ta) 

DS78C20 -1 

DS88C20 C 

Common-Mode Voltage (Vcm) ~ 


Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Vth 

Differential Threshold Voltage 

Rin 

Input Resistance 

Rt 

Line Termination Resistance 

l|ND 

Data Input Current (Unterminated) 



Vthb 

Input Balance 

Vqh 

Logical “1” Output Voltage 

Vql 

Logical “0” Output Voltage 

icc 

Power Supply Current 

l|N(1) 

Logical “1 ” Strobe Input Current 

l|N(0) 

Logical “0” Strobe Input Current 

V|H 

Logical “1” Strobe Input Voltage 

V|L 

Logical “0” Strobe Input Voltage 

los 

Output Short-Circuit Current 


Conditions 


Iqut = -200 p.A, j 

VquT ^ Vcc - 1 -2V 


-15V ^ Vcm ^ 15V 


Ta = 25°C 


Vcm = 10V 


Vcm = ov 


Vcm = -10V 


•out = 200 jaA, Vout ^ 
Vcc - 1 -2V, Rs = 500ft, 
(Note 5) 


Iqut = 1 -6 fTiA, VouT ^ 0.5V, 
Rs = 500ft, (Note 5) 


Iqut = -200 jxA, Vqiff = 1 V 
Iqut = 1 -0 niA, Vqifp = — 1 v 

15V ^ Vcm ^ -15V. 

Vdiff = -0.5V 
(Both Receivers) 


Vcc= 10V 

Vcc= 15V 

Iqut = -200 Vcc = 5V 

VoH = Vcc - 1 -2V ^ Qy 

Vcc= 15V 

Vout = OV, Vcc = 15V, Vstrobe = ov, (Note 4) 


s 

Min 

Typ 

Max 

Units 

-10V ^ Vcm ^ 10V 


0.06 

0.2 

V 

-15V ^ Vcm ^ 15V 


0.06 

0.3 

V 

-10V ^ Vcm ^ 10V 


-0.08 

-0.2 

V 

-15V ^ Vcm ^ 15V 


-0.08 

-0.3 

V 



5 


kft 


100 

180 

300 

ft 



2 

3.1 

mA 



0 

-0.5 

mA 



-2 

-3.1 

mA 

-7V ^ Vcm ^ 7V 


0.1 

0.4 

V 

-7V s Vcm ^ 7V 


-0.1 

-0.4 

V 


Vcc - 1-2 

Vcc - 0.75 


V 



0.25 

0.5 

V 

Vcc = 5.5V 


8 

15 

mA 

Vcc= 15V 


15 

30 

mA 

Vcc= 15V 


15 

100 

JU.A 

Vcc= 15V 


-0.5 

-100 

juA 


3.5 

2.5 


8.0 

5.0 


12.5 

7.5 



2.5 

1.5 


5.0 

2.0 


7.5 

2.5 

-5 

-20 

-40 
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DS78C20/DS88C20 


Switching Characteristics vcc = sv.ta = 25°c 


Symbol 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


tpdO(D) 


Differential Input to “0” Output 


Cl = 50 pF 


60 


100 


tpd1(D) 


Differential Input to “1" Output 


Cl = 50 pF 


100 


150 


tpdO(S) 


Strobe Input to “0” Output 


Cl = 50 pF 


30 


70 


*pd1(S) 


Strobe Input to “1 ” Output 


Cl = 50 pF 


100 


150 


ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to + 125“C temperature range for the DS78C20 and across the 0°C to + 70°C range for 
the DS88C20. All typical values are for Ta = 25“C, Vcc = 5V and Vcm = OV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Refer to EIA-RS-422 for exact conditions. 


Typical Applications 


RS-422/RS-423 Application 


Cl 

0.01 a<F 



TL/F/5798-2 

Note 1: (Optional internal termination resistor.) 

a) Capacitor in series with internal line termination resistor, terminates the line and saves termination power. Exact value depends on line length. 

b) Pin 1 connected to pin 2; terminates the line. 

c) Pin 2 open; no internal line termination. 

d) Transmission line may be terminated elsewhere or not at all. 

Note 2: Optional to control response time. 

Note 3: Vcc A.5V to 15V for the DS78C20. For further information on line drivers and line receivers, refer to applicaton notes AN-22, AN-83 and AN-108. 

RS-232-C Application with Hysteresis 



Vcc 

R1 ±5% 

5V 

10V 

15V 

4,3 kn 
15 kn 
24 kft 


VOH 



1- 

3 

O 

> 

VOL- 

L' 

(OUTPUT" 
r-r FOR 
. OPEN INPUT) 

R 1 


OV 0.8V 2.5V 

V|N 


TL/F/5798-4 


For signals which require fail-safe or have slow rise and 
fall times, use R1 and D1 as shown above. Otherwise, 
the positive input (pin 3 or 11) may be connected to 
ground. 
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DS7830/DS8830 



National 

Semiconductor 


DS7830/DS8830 Dual Differential Line Driver 


General Description 

The DS7830/DS8830 is a dual differential line driver that 
also performs the dual four-input NAND or dual four-input 
AND function. 

TTL (Transistor-Transistor-Logic) multiple emitter inputs al- 
low this line driver to interface with standard TTL systems. 
The differential outputs are balanced and are designed to 
drive long lengths of coaxial cable, strip line, or twisted pair 
transmission lines with characteristic impedances of 50fl to 
500ft. The differential feature of the output eliminates trou- 
blesome ground-loop errors normally associated with sin- 
gle-wire transmissions. 


Features 

■ Single 5V power supply 

■ Diode protected outputs for termination of positive and 
negative voltage transients 

■ Diode protected inputs to prevent line ringing 

■ High speed 

■ Short circuit protection 


Connection Diagram 


Dual-ln-Llne and Flat Package 

AND NAND 

Vcc DUTPUT OUTPUT 



AND NAND GND 
OUTPUT OUTPUT 


TL/F/5799-2 

Top View 

Order Number DS7830J, DS8830J or DS8830N 
See NS Package Number J14A or N14A 


Typical Application 

Digital Data Transmission 



TUF/5799-3 
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Absolute Maximum Ratings (Notei) Operating Conditions 


If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Saies Office/ 

Supply Voltage (Vcc) 

Min 

Max 

Units 

Distributors for availabiiity and specifications. 

DS8730 

4.5 

5.5 

V 

Vcc 7.0V 

Input Voltage 5.5V 

DS8830 

Temperature (Ta) 

4.75 

5.25 

V 

Storage Temperature -65°Cto +150°C 

DS7830 

-55 

+ 125 

°c 

Lead T emperature (Soldering, 4 sec.) 260°C 

Output Short Circuit Duration (125°C) 1 second 

DS8830 

0 

+ 70 

°c 


Maximum Power Dissipation* at 25°C 
Cavity Package 1308 mW 

Molded Package 1207 mW 

’Derate cavity package 8.7 mW/°C above 25’C; derate molded package 
9.7 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Logical “1" Input Voltage 


2.0 



V 

V|L 

Logical “0” Input Voltage 




0.8 

V 

VOH 

Logical “1 ” Output Voltage 

V|N = 0.8V 

Iqut — —0.8 mA 




V 

loUT = 40 mA 

1.8 

3.3 


V 

Vql 

Logical “0” Output Voltage 

V|N = 2.0V 

•out = 32 mA 


0.2 

0.4 

V 

Iqut = 40 mA 


0.22 

0.5 

V 

l|H 

Logical “1” Input Current 

V|N = 2.4V 



120 

fiA 

V|N = 5.5V 



2 

mA 

l|L 

Logical “0” Input Current 

V|N = 0.4V 



-4.8 

mA 

isc 

Output Short Circuit Current 

Vcc = 5.0V, Ta = 125°C, (Note 4) 

-40 

-100 

-120 

mA 

Icc 

Supply Current 

V|N = 5.0V, (Each Driver) 


11 

18 

mA 

Vi 

Input Clamp 

Vcc = Min, l|N = - 12 mA 


-1.0 

-1.5 

V 


Switching Characteristics Ta = 25°C, Vcc = 5V. unless otherwise noted 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpdl 

Propagation Delay AND Gate 

Rl= 400ft, Cl = 15pF 
(Figure 1) 


8 

12 

ns 

tpdO 


11 

18 

ns 

tpdl 

Propagation Delay NAND Gate 

Rl= 400ft, Cl = 15pF 
(Figure 1) 


8 

12 

ns 

tpdO 


5 

8 

ns 

tl 

Differential Delay 

Load, 100ft and 5000 pF, 
(Figure 2) 


12 

I 

16 

ns 

t2 

Differential Delay 

Load, 100ft and 5000 pF, 
(Figure 2) 


12 

16 

ns 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the -55°C to + 125°C temperature range for the DS7830 and across theO’C to +70°C range for 
the DS8830. Typical values for T/\ = 25°C and Vcc = 5.0V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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AC Test Circuit and Switching Time Waveforms 



AND OUTPUT 
NAND OUTPUT 



\ 

r ' " 

1.5V 

s 


f = 1 MHz 

tr = t( S 10 ns (10% to 90%) 
Duty cycle = 50% 


Vcc I 1/2 OS7S30/OSII30 




TU/F/5799-8 

FIGURE 2 


Typical Performance Characteristics 


Output High Voltage 
(Logical “1”) 
vs Ouput Current 



■iwnM 

■iwnn 


0 20 40 60 80 too 120 140 

OUTPUT SOURCE CURRENT (mA| 

Differential Output Voltage 
(IVand - VnandI) vs 
D ifferential Output Current 




ixjHn&iir 

E/^nmiw 


2S so 7S 100 
OUTPUT CURRENT (fflA) 



Differential Delay vs 
Temperature 



Threshold Voltage 
vs Temperature 


so -2S 0 2S SO 7S 100 12S 
TEMPERATURE (°C) 


Power Dissipation (No Load) 
vs Data Input Frequency 


JllllllilHIIIillllBIIIIIIIII 

niiiiiliiniiiiiiianiiiiii 

■■iiiiiiiili-;;;*- 

niiiiiiiiniiiiiiiHiiiiiiii 


0.1 2 S 7 1.0 2 S710 0 20.0 S 710 

DATA INPUT FREQUENCY (MHz) 


GUARANTEED LOGICAL "0" 
1 — INPUT VOLTAGE — T~ 

1 I I I I I L 

-SO -2S 0 2S SO 7S 100 I2S 
TEMPERATURE (°C) 

Output Low Voltage 
(Logical “0”) vs 
Output Current 


mwM 
K^mmm 




20 40 SO 80 100 120 140 

OUTPUT SINK CURRENT (mA) 
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TL/F/5799-7 



Schematic Diagram 
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DS7831/DS8831/DS7832/DS8832 



National 

Semiconductor 


DS7831/DS8831/DS7832/DS8832 
Dual TRI-STATE® Line Driver 


General Description 

Through simple logic control, the DS7831/DS8831, 
DS7832/DS8832 can be used as either a quad single-end- 
ed line driver or a dual differential line driver. They are spe- 
cifically designed for party line (bus-organized) systems. 
The DS7832/DS8832 does not have the Vcc clamp diodes 
found on the DS7831/DS8831. 

The DS7831 and DS7832 are specified for operation over 
the -55°C to -M25°C military temperature range. The 
DS8831 and DS8832 are specified for operation over the 
0°C to + 70°C temperature range. 


Features 

■ Series 54/74 compatible 

■ 17 ns propagation delay 

■ Very low output Impedance — high drive capability 

■ 40 mA sink and source currents 

■ Gating control to allow either single-ended or differen- 
tial operation ’ 

■ High impedance output state which allows many out- 
puts to be connected to a common bus line 


Connection and Logic Diagram 

Dual-In-Line Package 


Vcc 


"A" OUTPUT 
DISABLE 


DIFFERENTIAL/ 

OUTPUT INPUT OUTPUT INPUT SINGLEENOED 
A2 A2 A1 At MODE CONTROL 



Order Number DS7831J, DS8831J, 
DS7832J, DS8832J, DS8831N or DS8832N 
See NS Package Number J16A or N16A 


Top View 


TL/F/5800-1 


Truth Tabie (Shown for A Channels Only) 


“A” Output Disable 

Differential/ 
Single-Ended 
Mode Control 

Input A1 

Output A1 

Input A2 

Output A2 

0 

0 

0 

0 

Logical “1” or 
Logical “0" 

Same as 
Input A1 

Logical “1” or 
Logical “0" 

Same as 
Input A2 

0 

0 

X 

1 

1 

X 

Logical “1” or 
Logical “0” 

Opposite of 
Input A1 

Logical “1” or 
Logical “0” 

Same as 
Input A2 

1 

X 

X 

1 

X 

X 

X 

High 

Impedance 

State 

X 

High 

Impedance 

State 


X = Don’t Care 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 4 sec.) 260°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 433 mW 

Molded Package 1 362 mW 

•Derate cavity package 9.6 mW/°C above 25°C; derate molded package 
10.9 mW/'C above 25”C. 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 

Min Max 

Supply Voltage (Vcc) 

DS7B31/DS7832 4.5 5.5 

DS8831/DS8832 4.75 5.25 

Temperature (T^) 

DS7831/DS7832 -55 +125 

DS8831/DS8832 0 +70 


Units 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Logical “1” Input Voltage 

Vcc — Min 

2.0 



V 

V|L 

Logical “0” Input Voltage 

Vcc — Min 



0.8 

V 

VoH 

Logical “1” Output Voltage 

DS7831/DS7832 

Vcc — Min 

lo = -40 mA 

1.8 

2.3 


V 

Iq = -2 mA 

m 

WSM 


V 

DS8831/DS8832 

lo = —40 mA 

1.8 

2.5 


V 

lo = -5.2 mA 

m 

2.9 


V 

Vql 

Logical "0" Output Voltage 

DS7831/DS7832 

Vcc ~ Min 

lo = 40 mA 


0.29 

0.50 

V 

lo = 32 mA 



0.40 

s 

DS8831/DS8832 

lo = 40 mA 


0.29 

0.50 

n 

lo = 32 mA 



0.40 

V 

l|H 

Logical “1” Input Current 

Vcc = Max 

DS7831/DS7832,V|N = 5.5V 



1 

mA 

DS8831/DS8832,V||si = 2.4V 



40 

(xA 

l|L 

Logical “0” Input Current 

Vcc = Max, V||M = 0.4V 


-1.0 

-1.6 

mA 

■OD 

Output Disable Current 

Vcc = Max, Vo = 2.4V or 0.4V 

-40 


40 

fiA 

isc 

Output Short Circuit Current 

Vcc = Max, (Note 4) 

-40 

-100 

-120 

mA 

■cc 

Supply Current 

Vcc = Max in TRI-STATE 


65 

90 

mA 

VCLI 

Input Diode Clamp Voltage 

Vcc = 5.0V, Ta = 25°C, l|N = -12 mA 



-1.5 

V 

VcLO 

Output Diode Clamp Voltage 

Vcc = 5.0V, 
Ta = 25*C 

•out = — 12 mA 

DS7831/DS8831 

DS7832/DS8832 



-1.5 

B 

•out = 12 mA 

DS7831/DS8831 



Vcc + '•■5 

V 
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DS7831/DS8831/DS7832/DS8832 








































































































DS7831/DS8831/DS7832/DS8832 


Switching Characteristics Ta = 25°C, Vcc = 5V, unless otherwise noted 


Symbol 

Parameter 

Conditions 

tpdO 

Propagation Delay to a Logical “0” 
from Inputs AI , A2, B1 , B2 
Differential Single-ended Mode 
Control to Outputs 


tpd1 

Propagation Delay to a Logical “1 " 
from Inputs AI , A2, B1 , B2 
Differential Single-ended Mode 
Control to Outputs 


tlH 

Delay from Disable Inputs to High 
Impedance State (from Logical “1” 
Level) 

(See Figures 4 and 5) 

tOH 

Delay from Disable Inputs to High 
Impedance State (from Logical "0” 
Level) 


<H1 

Propagation Delay from Disable Inputs 
to Logical “1" Level (from High 
Impedance State) 


^HO 

Propagation Delay from Disable Inputs 
to Logical “0” Level (from High 
Impedance State) 









Typ 

Max 

Units 

13 

25 

ns 

13 

25 

ns 

6 

12 

ns 

14 

22 

ns 

14 

22 

ns 

18 

27 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2; Unless othenwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7831 and DS7832 and across the 0°C to 
+ 70”C range for the DS8831 and DS8832. All typical values are for Ta = 25'C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltage referenced to ground unless otherwise noted. All values shown as 
max or min on absolute value basis. 

Note 4: Applies for Ta = 125’C only. Only one output should be shorted at a time. 


Mode of Operation 

To operate as a quad single-ended line driver apply logical 
“0”s to the output disable pins (to keep the outputs in the 
normal low impedance mode) and apply logical “0”s to both 
Differential/SIngle-ended Mode Control inputs. All four 
channels will then operate independently and no signal in- 
version will occur between inputs and outputs. 

To operate as a dual differential line driver apply logical 
“0”s to the Output Disable pins and apply at least one logi- 
cal “1” to the Differential/Single-ended Mode Control in- 
puts. 

The inputs to the A channels should be connected together 
and the inputs to the B channels should be connected to- 
gether. 

In this mode the signals applied to the resulting inputs will 
pass non-inverted on the A 2 and B 2 outputs and inverted on 
the Ai and Bi outputs. 

When operating in a bus-organized system with outputs tied 
directly to outputs of other DS7831/DS8831’s, DS7832/ 
DS8832’s (Figure 1), all devices except one must be placed 


in the “high impedance” state. This is accomplished by en- 
suring that a logical “1” is applied to at least one of the 
Output Disable pins of each device which is to be in the 
“high impedance” state. A NOR gate was purposely chosen 
for this function since it is possible with only two DM5442/ 
DM7442, BCD-to-decimal decoders, to decode as many as 
100 DS7831/DS8831’s, DS7832/DS8832’s (Figure 2). 

The unique device whose Disable inputs receive two logical 
“0” levels assumes the normal low impedance output state, 
providing good capacitive drive capability and waveform in- 
tegrity especially during the transition from the logical “0” to 
logical ”1” state. The other outputs — in the high impedance 
state — take only a small amount of leakage current from the 
low impedance outputs. Since the logical “1” output current 
from the selected device is 1 00 times that of a conventional 
Series 54/74 device (40 mA vs. 400 fjiA), the output is easily 
able to supply that leakage current for several hundred oth- 
er DS7831/DS8831’s, DS7832/DS8832’s and still have 
available drive for the bus line (Figure 3). 
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THIRD STATE 
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THIRD STATE 



FIGURE 1 



FIGURE 2 
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DTHER 
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STATE 


GATED INTD 
HI IMPEDANCE 
STATE 



FIGURE 3 
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DS7831/DS8831/DS7832/DS8832 


Typical Performance Characteristics 


Propagation Delay from Input 
to Output (Channel 1) 

I I I I 1 ''c'c'SioV 

[DIFFERENTIAL/SINGLE ENDED MDDE | 
CONTROL INPUTS AT LOGICAL "0" 



-7S -so -2S 0 25 SO 7S 100 125 

TEMPERATURE ('Cl 


Propagation Delay from Input 
to Output (Channel 1) 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE fC) 


Delay from Disable to High 



-75 -50 -25 0 25 SO 75 100 125 

TEMPERATURE CO 


Delay from Disable to Low 



-75 -SO -25 0 25 SO 75 100 125 

TEMPERATURE CO 


Propagation Delay from Input 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (”C) 

Propagation Delay vs Load 



10 100 1000 10.000 


Cl IpF) 


Total Supply Current vs 



.01 .1 1 10 100 


Logical “1” Output Voltage 
vs Source Current 



0 40 00 120 160 


Logical “0” Output Voltage 
vs Sink Current 



0 20 40 60 00 100 


I (MHil 


Iqut 


IqUT 


Iqut vs Vqut High 
Impedance Output State 


Vc 


" 

I 

DS7031 

r 





. 

IT 








125”C 


[ 






25°C 

1^: 







-55°C 

— 





M 



1 


0S76 

>2 


a 

— 

- -55°C 












sfl'H 






al III 







-2 0 2 4 6 0 

VouT IV) 


Propagation Delay in 
Differential Mode 



-50 0 50 100 

TEMPERATURE (”C) 


TL/F/5800-5 
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Typical Performance Characteristics (Continued) 


INfUT 0“ 


^ loa 


-O VI 


■OV2 



Switching Time Waveforms 



Input characteristic: 

Amplitude = 3.0V 

Frequency = 1.0 MHz, 50% duty cycle 
t|. = tf <: ns (10% to 90%) 


TL/F/5800-6 


*OH 



I 



TL/F/5800-7 


tHO *H1 




FIGURE 4 


TL/F/5800-8 





DS7831/DS8831/DS7832/DS8832 


AC Load Circuit 


Symbol 

Switch SI 

Switch S2 

Cl 

^pd1 

closed 

closed 

50 pF 

<pdO 

closed 

closed 

50 pF 

toH 

closed 

closed 

•5pF 

tiH 

closed 

closed 

*5pF 

<H0 

closed 

open 

50 pF 

tHI 

open 

closed 

50 pF 


*Jig capacitance 



TL/F/5800-9 

FIGURE 5 
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National 

Semiconductor 


DS78C120/DS88C120 Dual CMOS Compatible 
Differential Line Receiver 


General Description 

The DS78C120 and DS88C120 are high performance, dual 
differential, CMOS compatible line receivers for both bal- 
anced and unbalanced digital data transmission. The inputs 
are compatible with EIA, Federal and MIL standards. 

Input specifications meet or exceed those of the popular 
DS7820/DS8820 line receiver. 

The line receiver will discriminate a ±200 mV input signal 
over a common-mode range of ± 10V and a ±300 mV sig- 
nal over a range of ± 15V. 

Circuit features include hysteresis and response control for 
applications where controlled rise and fall times and/or high 
frequency noise rejection are desirable. Threshold offset 
control is provided for fail-safe detection, should the input 
be open or short. Each receiver includes a 18011 terminating 
resistor and the output gate contains a logic strobe for time 
discrimination. The DS78C120 is specified over a -55°C to 
± 125°C temperature range and the DS88C120 from 0°C to 
+ 70“C. 


Features 

■ Full compatibility with EIA Standards RS232-C, RS422 
and RS423, Federal Standards 1020, 1030 and MIL- 
188-114 

■ Input voltage range of ±15V (differential or common- 
mode) 

■ Separate strobe input for each receiver 

■ 1/2 Vcc strobe threshold for CMOS compatibility 

■ 5k typical input impedance 

■ 50 mV input hysteresis 

■ 200 mV input threshold 

■ Operation voltage range = 4.5V to 15V 

■ Separate fail-safe mode 


Connection Diagram 

Dual-ln-Llne Package 

FAIL-SAFE TERMI- RESPONSE 

Vcc OFFSET -INPUT NATION +INPUT STROBE TIME OUTPUT 





OFFSET -INPUT TERMI- +INPUT STROBE RESPONSE OUTPUT GND 

FAIL-SAFE NATION TIME 


Top View 


TL/F/5801-1 



Order Number DS78C120J, DS88C120J or DS88C120N 
See NS Package Number J16A or N16A 
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DS78C120/DS88C120 




DS78C120/DS88C120 


Absolute Maximum Ratings (Note i) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage 18V 

Input Voltage ±25V 

Strobe Voltage 1 8V 

Output Sink Current 50 mA 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 433 mW 

Molded Package 1362 mW 


‘Derate cavity package 9.6 mW/‘C above 25°C; derate molded package 
10.9 mW/'C above 25°C. 


Storage T emperature Range 

Lead Temperature (Soldering, 4 seconds) 

■65°Cto +150°C 
260°C 

Operating Conditions 

Min 

Max 

Units 

Supply Voltage (Vcc) 4.5 

Temperature (Ta) 

15 

V 

DS78C120 -55 

+ 125 

°C 

DS88C120 0 

+ 70 

°c 

Common-Mode Voltage (Vcm) ~ 1 5 

+ 15 

V 


Electrical Characteristics (Notes 2 and 3) 


Symbol 


Vth 


Parameter 

Conditions 

Differential Threshold 

loUT = -200 fiA, 

-7V ^ Vcm ^ 7V 

Voltage 

Vqut ^ Vcc ~ 1 -2V 

-15V ^ Vcm ^ 15V 

Differential Threshold 

loUT = 1 -6 mA.VouT ^ 0-5V 

-7V ^ Vcm ^ 7V 

Voltage 


-15V ^ Vcm ^ 15V 

Differential Threshold 

IquT = “ 200 fiA, 

-7V ^ Vcm ^ 7V 

Voltage Fail-Safe 

Vqut s Vcc ~ 1 -2V 


Offset = 5V 

loUT = 1-6 mA, Vqut ^ 0.5V 

-7V ^ Vcm ^ 7V 

Input Resistance 

-15V ^VcM ^ 15V, OV ^ Vcc 15V 

Line Termination Resistance 

Ta = 25°C 

Offset Control Resistance 

Ta = 25°C 

Data Input Current 

OV ^ Vcc ^ 15V 

Vcm = 10V 

(Unterminated) 


> 

o 

II 

o 

> 



VcM= -10V 

Input Balance 

'out = 200 |uA, Vqut ^ 

-7V ^ Vcm ^ 7V 

(Note 5) 

Vcc - 1-2V, Rs = 500a 



loUT = 1 -6 mA, Vqut ^ 0.5V 
Rs = 50oa 

-7V ^ Vcm ^ 7V 

Logical “1” Output Voltage 

IqUT = -200 jxA, Vdiff = 1V 

Logical “0” Output Voltage 

Iqut = 1.6 mA, Vdiff = “1V 

Power Supply Current 

15V ^ Vcm ^ -15V, 

Vcc = 5.5V 


Vdiff = -0.5V (Both Receivers) 

> 

in 

11 

o 

o 

> 

Logical “1” Strobe Input 
Current 

Vstrobe = 15V, Vdiff - 3V 

Logical “0” Strobe Input 
Current 

VsTROBE = OV, Vdiff = -3V 

Logical “1” Strobe Input 

Vql ^ 0.5V, Iqut = 1-6 mA 

< 

o 

o 

11 

cn 

< 

Voltage 


Vcc= 10V 



Vcc = 15V 


Typ 

Max 

Units 

0.06 

0.2 

V 

0.06 

0.3 

V 

-0.08 

-0.2 

V 

-0.08 

-0.3 

V 

0.47 

0.7 

V 

0.42 


V 

5 


kn 

180 

300 

a 

56 


ka 

2 

3.1 

mA 

0 

-0.5 

mA 

-2 


mA 

0.1 

0.4 

V 

-0.1 

-0.4 

V 

Vcc - 0.75 


V 

0.25 

0.5 

V 

8 

15 

mA 

15 

30 

mA 

15 

100 

/liA 

-0.5 

-100 

liA 

2.5 


V 

5.0 


V 

7.5 


V 
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Electrical Characteristics (Notes 2 and 3) (Continued) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|L 

Logical “0” Strobe Input 
Voltage 

VoH Vcc ~ 1-2V, 
loUT = -200 p.A 

< 

o 

o 

II 

cn 

< 


2.5 

1.5 

V 

Vcc = 10V 


5.0 

2.0 

V 

< 

o 

o 

II 

tn 

< 



2.5 

V 

los 

Output Short-Circuit Current 

Vqut - OV, Vcc = 15V, Vstrobe - OV, (Note 4) 

-5 

-20 

-40 

mA 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55“C to + 125°C temperature range for the DS78C120 and across the 0°C to +70”C range 
for the DS88C120. All typical values lor Ta = 25°C, Vcc = 5V and Vcm = OV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5; Refer to EIA-RS422 tor exact conditions. 


Switching Characteristics vcc = sv.ta = 25 °c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

1pd0(D) 

Differential Input to “0” Output 

Cl = 50 pF 


60 

100 

ns 

1pd1(D) 

Differential Input to “1 ” Output 

Cl = 50 pF 


100 

150 

ns 

tpdO(S) 

Strobe Input to “0” Output 

Cl = 50 pF 


30 

70 

ns 

1pd1(S) 

Strobe Input to “1” Output 

Cl = 50 pF 


100 

150 

ns 


AC Test Circuit and Switching Time Waveforms 

Differential and Strobe Input Signal 
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DS78C120/DS88C120 


RESPONSE 



TL/F/5801-2 


Schematic Diagram (V2 Circuit Shown) 



Application Hints 



Unbalanced Data Transmission 



X 


TL/F/5801-6 



The DS78C120/DS88C120 may be used as a level transistor to interface between ±12V MOS, ECU TTL and CMOS. To configure, bias either input to a voltage 
equal to Vi the voltage of the input signal, and the other input to the driving gate. 
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DS78C120/DS88C120 




DS78C120/DS88C120 


Application Hints (Continued) 

LINE DRIVERS 

Line drivers which will interface with the DS78C120/ 
DS88C120 are listed below. 


Balanced Drivers 

DS26LS31 
DS7830, DS8830 
DS7831, DS8831 
DS7832, DS8832 
DS1691A, DS3691 
DS1692, DS3692 

DS3587, DS3487 
Unbalanced Drivers 
DS1488 
DS14C88 
DS75150 


Quad RS-422 Line Driver 
Dual TTL 

Dual TRI-STATE® TTL 
Dual TRI-STATE TTL 
Quad RS-423/Dual RS-422 TTL 
Quad RS-423/Dual TRI-STATE 
RS-422 TTL 

Quad TRI-STATE RS-422 


Quad RS-232 
Quad RS-232 
Dual RS-232 


RESPONSE CONTROL AND HYSTERESIS 

In unbalanced (RS-232/RS-423) applications it is recom- 
mended that the rise time and fall time of the line driver be 
controlled to reduce cross-talk. Elimination of switching 
noise is accomplished in the DS78C120/DS88C120 by the 
50 mV of hysteresis incorporated in the output gate. This 
eliminates the oscillations which may appear in a line receiv- 
er due to the input signal slowly varying about the threshold 
level for extended periods of time. 

High frequency noise which is superimposed on the input 
signal which may exceed 50 mV can be reduced in ampli- 
tude by filtering the device input. On the DS78C120/ 
DS88C120, a high impedance response control pin in the 
input amplifier is available to filter the input signal without 
affecting the termination impedance of the transmission 
line. Noise pulse width rejection vs the value of the re- 
sponse control capacitor is shown in Figures 1 and 2. This 
combination of filters followed by hysteresis will optimize 
performance in a worse case noise environment. 

TRANSMISSION LINE TERMINATION 

On a transmission line which is electrically long, it is advisa- 
ble to terminate the line in its characteristic impedance to 
prevent signal reflection and its associated noise/cross- 
talk. A 180fl termination resistor is provided in the 
DS78C120/DS88C120 line receiver. To use the termination 
resistor, connect pins 2 and 3 together and pins 13 and 14 
together. The 180n resistor provides a good compromise 
between line reflections, power dissipation in the driver, and 
IR drop in the transmission line. If power dissipation and IR 
drop are still a concern, a capacitor may be connected in 
series with the resistor to minimize power loss. 

The value of the capacitor is recommended to be the line 
length (time) divided by 3 times the resistor value. Example; 
if the transmission line is 1,000 feet long, (approximately 
1000 ns) the capacitor value should be 1852 pF. For addi- 
tional application details, refer to application notes AN-22 
and AN-108. 



RESPONSE CONTROL CAPACITOR (pF) 


TL/F/5801-9 

FIGURE 1. Noise Pulse Width vs 
Response Control Capacitor 



NEGATIVE INPUT 
NOISE PULSE 


POSITIVE INPUT 
NOISE PULSE 


— 0.5V 

0 

'■ — " I 2V 

-«i NOISE PULSE WIOTH 

2V 

0 

— — -0.5V 

TL/F/5801-11 

FIGURE 2 
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Application Hints (Continued) 

FAIL-SAFE OPERATION 

Communication systems require elements of a system to 
detect the presence of signals in the transmission lines, and 
it is desirable to have the system shut-down in a fail-safe 
mode if the transmission line is open or shorted. To facilitate 
the detection of input opens or shorts, the DS78C120/ 
DS88C120 incorporates an input threshold voltage offset. 
This feature will force the line receiver to a specific logic 
state if presence of either fault is a condition. 

Given that the receiver input threshold is ± 200 mV, an input 
signal greater than ±200 mV insures the receiver will be in 
a specific logic state. When the offset control input (pins 1 
and 15) is connected to Vcc = 5V, the input thresholds are 
offset from 200 mV to 700 mV, referred to the non-inverting 
input, or -200 mV to -700 mV, referred to the inverting 
input. Therefore, if the input is open or shorted, the input will 
be greater than the input threshold and the receiver will 
remain in a specified logic state. 

The input circuit of the receiver consists of a 5k resistor 
terminated to ground through 120n on both inputs. This net- 
work acts as an attenuator, and permits operation with com- 
mon-mode input voltages greater than ±15V. The offset 
control input is actually another input to the attenuator, but 
its resistor value is 56k. The offset control input is connect- 
ed to the inverting input side of the attenuator, and the input 
voltage to the amplifier is the sum of the inverting input plus 

0.09 times the voltage on the offset control input. When the 
offset control input is connected to 5V the input amplifier will 
see Vin(INVERTING) + 0.45V or V|n(|nvERTING) + 0.9V 
when the control input is connected to 10V. The offset con- 
trol input will not significantly affect the differential 


performance of the receiver over its common-mode operat- 
ing range, and will not change the input impedance balance 
of the receiver. 

It is recommended that the receiver be terminated (500n or 
less) to insure it will detect an open circuit in the presence 
of noise. 

The offset control can be used to insure fail-safe operation 
for unbalanced interface (RS-423) or for balanced interface 
(RS-422) operation. 

For unbalanced operation, the receiver would be in an inde- 
terminate logic state if the offset control input was open. 
Connecting the offset to 5V offsets the receiver threshold 

0. 45.. The output is forced to a logic zero state if the input 
is open or shorted. 

For balanced operation with inputs shorted or open, receiv- 
er C will be in an indeterminate logic state. Receivers A and 
B will be in a logic zero state allowing the NOR gate to 
detect the short or open condition. The strobe will disable 
receivers A and B and may therefore be used to sample the 
fail-safe detector. Another method of fail-safe detection 
consists of filtering the output of the NOR gate D so it would 
not indicate a fault condition when receiver inputs pass 
through the threshold region, generating an output transient. 
In a communications system, only the control signals are 
required to detect input fault condition. Advantages of a bal- 
anced data transmission system over an unbalanced trans- 
mission system are: 

1. High noise immunity 

2. High data ratio 

3. Long line lengths 


Unbalanced RS-423 and RS-232 Fail-Safe 



LINE RECEIVER 
^ 1/2DS78CI20 



(OFFSET CONTROL 
INPUT OPEN) 



(OFFSET CONTROL 
INPUT = 5V) 


INPUT VOLTAGE 


0 0.45V 

INPUT VOLTAGE 
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DS78C120/DS88C120 


Application Hints (Continued) 


Balanced RS-422 Fail-Safe 


BALANCED 
LINE DRIVER 



1 1/2 OS78C120 
LINE RECEIVERS 


5VO- 


TL/F/5801-13 





INPUT VOLTAGE 


LU 

a 

< 


u 


TL/F/5801-14 


TL/F/5801-15 


TL/F/5801-16 


Truth Table (For Balanced Fail-Safe) 


Input 

strobe 

A-OUT 

B-OUT 

C-OUT 

D-OUT 

0 


0 

1 

0 

0 

1 


1 

0 

1 

0 

X 



0 

X 

1 

0 


1 ! 

1 

0 

0 

1 


1 

1 

0 

0 

X 


1 1 

1 

0 

0 


1-194 












National 

Semiconductor 


DS78LS120/DS88LS120 Dual Differential 
Line Receiver (Noise Filtering and Faii-Safe) 

General Description 

The DS78LS120 and DS88LS120 are high performance, 
dual differential, TTL compatible line receivers for both bal- 
anced and unbalanced digital data transmission. The inputs 
are compatible with EIA, Federal and MIL standards. 

The line receiver will discriminate a ±200 mV input signal 
over a common-mode range of ± 10V and a ±300 mV sig- 
nal over a range of ± 1 5V. 

Circuit features include hysteresis and response control for 
applications where controlled rise and fall times and/or high 
frequency noise rejection are desirable. Threshold offset 
control is provided for fail-safe detection, should the input 
be open or short. Each receiver includes an optional 180n 
terminating resistor and the output gate contains a logic 
strobe for time discrimination. The DS78LS120 is specified 
over a -55°C to ±125°C temperature range and the 
DS88LS120 from 0“C to ±70°C. 

Connection Diagram 


Dual-ln-Line Package 

FAIL-SAFE TERMI- RESPONSE 

VCC OFFSET -INPUT NATION +INPUT STROBE TIME OUTPUT 



FAIL-SAFE -INPUT TERMI- +INPUT STROBE RESPONSE OUTPUT GND 

OFFSET NATION TIME 


Top View 

Order Number DS78LS120J, DS88LS120J or DS88LS120N 
See NS Package Number J16A or N16A 


Input specifications meet or exceed those of the popular 
DS7820/DS8820 line receiver. 

Features 

■ Meets EIA standards RS232-C, RS422 and RS423, 
Federal Standards 1020, 1030 and MIL-188-114 

■ Input voltage range of ±15V (differential or common- 
mode) 

■ Separate strobe input for each receiver 

■ 5k typical input impedance 

■ Optional 180n termination resistor 

■ 50 mV input hysteresis 

■ 200 mV input threshold 

■ Separate fail-safe mode 
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DS78LS120/DS88LS120 



DS78LS120/DS88LS120 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7V 

Input Voltage ±25V 

Strobe Voltage 7V 

Output Sink Current 50 mA 

Storage T emperature Range - 65°C to + 1 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1433 mV 

Molded Package 1362 mW 

Lead Temperature (Soldering, 4 sec) 260°C 

•Derate cavity package 9.6 mW/°C above 25“C; derate molded package 

10.9 mW/’C above 25*C. 


Operating Conditions 


Supply Voltage (Vcc) 

Min 

4.5 

Max 

5.5 

Units 

V 

Temperature (Ta) 
DS78LS120 

-55 

-H25 

°C 

DS88LS120 

0 

-f-70 

°c 

Common-Mode Voltage (Vcm) 

-15 

-M5 

V 


Electrical Characteristics (Notes 2 and 3) 


Symboi 

Parameter 

Conditions 

1 

Typ 

Max 

Units 

Vth 

Differential Threshold Voltage 

•out = -400 }iA, Vqut ^ 2.5V 

-7V ^ Vcm ^ 7V 


0.06 

0.2 

D 




-15 ^ Vcm ^15V 


0.06 

0.3 

V 

Vtl 

Differential Threshold Voltage 

Iqut == 4 mA, Vqut ^ 0.5V 

-7V ^ Vcm ^7V 


-0.08 

-0.2 

V 




-15V ^ Vcm ^ 15V 


-0.08 

-0.3 

V 

Vth 

Differential Threshold Voltage 

IqUT = —400 )H.A, Vqut ^ 2.5V 

-7V ^ Vcm ^ 7V 


0.47 

0.7 

V 

Vtl 

with Fail-Safe Offset = 5V 

Iqut = 4 mA, Vqut ^ 0.5V 

-7V ^ Vcm ^ 7V 

-0.2 

-0.42 


V 

Rin 

Input Resistance 

-15V ^ Vcm ^ 15V. OV ^ Vcc ^ 7V 

4 

5 


kft 

Rt 

Line Termination Resistance 

Ta = 25 °c 

100 

180 

300 

il 

Ro 

Offset Control Resistance 

Ta = 25 °c 

42 

56 

70 

ka 

l|ND 

Data Input Current (Unterminated) 

Vcm = 10V 


■1 

2 

3.1 

mA 

1 


Vcm = OV 

OV ^ Vcc ^ 7V 

iH 

0 

-0.5 

mA 



Vcm = -10V 


■i 

-2 

-3.1 

mA 

VthB 

Input Balance 
(Note 5) 

'out = -400/j.A, Vqlit ^ 2.5V, 
Rs = 500fl 

-7V^Vcm 7V 


0.1 

0.4 

V 



'out = 4 mA, Vqut ^ 0.5V, 
Rs = 50011 

-7V ^ Vcm ^ 7V 


-0.1 

-0.4 

V 

Vqh 

Logical “1 ” Output Voltage 

'out = -400 jxA, Vqipf = IV, Vcc = 4.5V 

2.5 

3 


V 

VoL 

Logical “0” Output Voltage 

'out = 4 mA, VdifF = “1 V, Vcc 

= 4.5V 


0.35 

0.5 

V 

icc 

Power Supply Current 

Vcc = 5.5V 

Vcm = 15V 


10 

16 

mA 



Vdiff = -0.5V, (Both Receivers) 

Vcm = -15V 


10 

16 

mA 


Logical “1 ” Strobe Input Current 

VsTROBE = 5.5V, Vdiff = 3V 


1 

100 

juiA 


Logical “0” Strobe Input Current 

VsTROBE = OV, Vdiff = -3V 


-290 

-400 

ju,A 

V|H 

Logical “1” Strobe Input Voltage 

Vql ^ 0.5, Iqut 4mA 

2.0 

1.12 


V 

V|L 

Logical “0” Strobe Input Voltage 

VoH ^ 2.5V, louT. = -400 fxA 


1.12 

0.8 

V 


Iqs I Output Short-Circuit Current |Vqut = OV. Vcc = 5.5V, Vstrobe = OV. (Note4) | -30 | -100 [ -170 1 mA 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 55”C to + 1 25°C temperature range for the DS78LS1 20 and across the 0°C to + 70“C for the 
DS88LS120. All typical values are for Ta = 25”C, Vcc •= 5V and Vcm = OV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Refer to EIA-RS422 for exact conditions. 
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Switching Characteristics vcc = sv.ta = 25 »c 


Symbol 

tpdO(D) 

♦pd1(D) 


^Pd1(S) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Differential Input to “0" Output 



38 

60 

ns 

Differential Input to "1” Output 

Response Pin Open, Cl = 15 pF, Rl = 2 kn 


38 

60 

ns 

Strobe Input to “0" Output 


16 

25 

ns 

Strobe Input to “1 ” Output 



12 

25 

ns 


AC Test Circuit and Switching Time Waveforms 

Differential and Strobe Input Signal 



~ TL/F/7499-3 

* Includes probe and test fixture capacitance 
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DS78LS120/DS88LS120 


Application Hints (Continued) 


Unbalanced Data Transmission 



T 

TL/F/7499-6 

Logic Level Translator 



The DS78LS120/DS88LS120 may be used as a level trans- 
lator to interface between ±12V MOS, ECL, TTL and 
CMOS. To configure, bias either input to a voltage equal to 
V 2 the voltage of the input signal, and the other input to the 
driving gate. 

LINE DRIVERS 

Line drivers which wiil interface with the DS78LS120/ 
DS88LS120 are listed below. 

Balanced Drivers 

DS26LS31 Quad RS-422 Line Driver 

Dual CMOS 

DS7830, DS8830 Dual TTL 

DS7831 , DS8831 Dual TRI-STATE TTL 

DS7832, DS8832 Dual TRI-STATE TTL 

DS1691A, DS3691 Quad RS-423/Dual RS-422 TTL 

DS1 692, DS3692 Quad RS-423/Dual TRI-STATE 

RS-422 TTL 

DS3487 Quad TRI-STATE RS-422 

Unbalanced Drivers 

DS1488 QuadRS-232 

DS75150 DualRS-232 

RESPONSE CONTROL AND HYSTERESIS 

In unbalanced (RS-232/RS-423) applications it is recom- 
mended that the rise time and fall time of the line driver be 
controlled to reduce cross-talk. Elimination of switching 
noise is accomplished in the DS78LS120/DS88LS120 by 
the 50 mV of hysteresis incorporated in the output gate. 
This eliminates the oscillations which may appear in a line 
receiver due to the input signai slowly varying about the 
threshoid levei for extended periods of time. 

High frequency noise which is superimposed on the input 
signai which may exceed 50 mV can be reduced in ampli- 
tude by filtering the device input. Qn the DS78LS120/ 
DS88LS120, a high impedance response control pin in the 
input amplifier is available to filter the input signal without 


affecting the termination impedance of the transmission 
line. Noise pulse width rejection vs the value of the re- 
sponse control capacitor is shown in Figures 1 and 2. This 
combination of filters followed by hysteresis will optimize 
performance in a worse case noise environment. 




to 100 Ik 10k 


RESPONSE CONTROL CAPACITOR (pFI 


TL/F/7499-9 

FIGURE 1. Noise Pulse Width vs 
Response Control Capacitor 
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Application Hints (Continued) 

TRANSMISSION LINE TERMINATION 

On a transmission line which is electrically long, it is advisa- 
ble to terminate the line in its characteristic impedance to 
prevent signal reflection and its associated noise/cross- 
talk. A 180n termination resistor is provided in the 
DS78LS120/DS88LS120 line receiver. To use the termina- 
tion resistor, connect pins 2 and 3 together and pins 13 and 
14 together. The 180n resistor provides a good compro- 
mise between line reflections, power dissipation in the driv- 
er, and IR drop in the transmission line. If power dissipation 
and IR drop are still a concern, a capacitor may be connect- 
ed in series with the resistor to minimize power loss. 

The value of the capacitor is recommended to be the line 
length (time) divided by 3 times the resistor value. Example: 
if the transmission line is 1,000 feet long, (approximately 
1000 ns), and the termination resistor value is 180fl, the 
capacitor value should be 1852 pF. For additional applica- 
tion details, refer to application notes AN-22 and AN-108. 

FAIL-SAFE OPERATION 

Communication systems require elements of a system to 
detect the presence of signals in the transmission lines, and 
it is desirable to have the system shut-down in a fail-safe 
mode if the transmission line is open or shorted. To facilitate 
the detection of input opens or shorts, the DS78LS120/ 
DS88LS120 incorporates an input threshold voltage offset. 
This feature will force the line receiver to a specific logic 
state if presence of either fault is a condition. 

Given that the receiver input threshold is ±200 mV, an input 
signal greater than ±200 mV insures the receiver will be in 
a specific logic state. When the offset control input (pins 1 
and 15) is connected to Vcc = 5V, the input thresholds 


are offset from 200 mV to 700 mV, referred to the non-in- 
verting input, or -200 mV to -700 mV, referred to the 
inverting input. Therefore, if the input is open or shorted, the 
input will be greater than the input threshold and the receiv- 
er will remain in a specified logic state. 

The input circuit of the receiver consists of a 5k resistor 
terminated to ground through 12011 on both inputs. This net- 
work acts as an attenuator, and permits operation with com- 
mon-mode input voltages greater than ±15V. The offset 
control input is actually another input to the attenuator, but 
its resistor value is 56k. The offset control input is connect- 
ed to the inverting input side of the attenuator, and the input 
voltage to the amplifier is the sum of the inverting input plus 
0.09 times the voltage on the offset control input. When the 
offset control input is connected to 5V the input amplifier will 
see Vin(inverting) + 0.45V or Vin(inverting) +0.9V when 
the control input is connected to 10V. The offset control 
input will not significantly affect the differential performance 
of the receiver over its common-mode operating range, and 
will not change the input impedance balance of the receiver. 
It is recommended that the receiver be terminated (50011 or 
less) to insure it will detect an open circuit in the presence 
of noise. 

The offset control can be used to insure fail-safe operation 
for unbalanced interface (RS-423) or for balanced interface 
(RS-422) operation. 

For unbalanced operation, the receiver would be in an inde- 
terminate logic state if the offset control input was open. 
Connecting the fail-safe offset pin to 5V, offsets the receiver 
threshold to 0.45V. The output is forced to a logic zero state 
if the input is open or shorted. 


Unbalanced RS-423 and RS-232 Fail-Safe 


LINE RECEIVER 
1/2 DS78LS120 



(OFFSET CONTROL 
INPUT OPEN) 



(OFFSET CONTROL 
INPUT = 5V) 


INPUT VOLTAGE 


INPUT VOLTAGE 
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Application Hints (Continued) 

Balanced RS-422 Fail-Safe 


BALANCED 
LINE DRIVER 



TL/F/7499-13 





INPUT VOLTAGE 


TL/F/7499-14 


For balanced operation with inputs open or shorted, receiv- 
er C will be in an indeterminate logic state. Receivers A and 
B will be in a logic zero state allowing the NOR gate to 
detect the open or short condition. The strobe will disable 
receivers A and B and may therefore be used to sample the 
fail-safe detector. Another method of fail-safe detection 
consists of filtering the output of NOR gate D so it would not 
indicate a fault condition when receiver inputs pass through 
the threshold region, generating an output transient. 


In a communications system, only the control signals are 
required to detect input fault conditions. Advantages of a 
balanced data transmission system over an unbalanced 
transmission system are: 

1. High noise immunity 

2. High data ratio 

3. Long line lengths 


Truth Table (For Balanced Fail-Safe) 


Input 

strobe 

A-Out 

B-Out 

C-Out 

D-Out 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

1 

0 

X 

1 

0 

0 

X 

1 

0 

0 

1 

1 

0 

0 

1 

0 

1 

1 

0 

0 

X 

0 

1 

1 

0 

0 


1-200 













RESPONSE 

CONTROL 
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DS8921/DS8921A 


National 

Semiconductor 


DS8921/DS8921A Differential Line Driver 
and Receiver Pair 


General Description 

The DS8921, DS8921A are Differential Line Driver and Re- 
ceiver pairs designed specifically for applications meeting 
the ST506, ST412 and ESDI Disk Drive Standards. In addi- 
tion, these devices meet the requirements of the EIA Stan- 
dard RS-422. 

The DS8921A receiver offers an input sensitivity of 200 mV 
over a ±7V common mode operating range. Hysteresis is 
incorporated (typically 70 mV) to improve noise margin for 
slowly changing input waveforms. An input fail-safe circuit is 
provided such that if the receiver inputs are open the output 
assumes the logical one state. 

The DS8921A driver is designed to provide unipolar differ- 
ential drive to twisted pair or parallel wire transmission lines. 
Complementary outputs are logically ANDed and provide an 
output skew of 0.5 ns (typ.) with propagation delays of 
12 ns. 

Power up/down circuitry is featured which will TRI-STATE® 
the outputs and prevent erroneous glitches on the trans- 


mission lines during system power up or power down opera- 
tion. 

The DS8921A is designed to be compatible with TTL and 
CMOS. 

Features 

■ 12 ns typical propagation delay 

■ Output skew - 0.5 ns typical 

■ Meet the requirements of EIA Standard RS-422 

■ Complementary Driver Outputs 

■ High differential or common-mode input voltage ranges 
of ±7V 

■ ± 0.2V receiver sensitivity over the input voltage range 

■ Receiver input fail-safe circuitry 

■ Receiver input hysteresis-70 mV typical 

■ Glitch free power up/down 


Connection Diagram 



Order Number DS8921M, DS8921N, DS8921AM, DS8921AN, DS8921J or DS8921 AJ 
See NS Package Number J08A, M08A or N08E 


Truth Tabie 


Receiver 

Driver 

Input 

VoUT 

Input 

VoUT 

v5ut 

V|D ^ Vth (MAX) 

1 

1 

1 

0 

V|D ^ Vth (MIN) 

0 

0 

0 

1 


For complete specifications see the Interface Databook. 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7V 

Driver Input Voltage - 0.5V to + 7V 

Output Voltage 5.5V 

Receiver Output Sink Current 50 mA 

Receiver Input Voltage ± 1 0V 

Differential Input Voltage ± 1 2V 

Storage Temperature Range -65°Cto +165°C 

Lead Temperature (Soldering, 4 sec.) 260°C 

Recommended Operating 
Conditions 

Min Max Units 

Supply Voltage 4.5 5.5 V 

Temperature (Ta) 0 70 °C 

DS8921/DS8921A Electrical Characteristics (Notes 2, 3 and 4) 



Symbol 

Conditions 

Min 

Typ 

Max 

Units 

RECEIVER 

Vth 

-7V ^ VcM ^ +7V 

-200 

±35 

+ 200 

mV 

Vhyst 

-7V ^ VcM ^ +7V 

15 

70 


mV 

Rin 

-7V ^ VcM ^ +7V 

4.0 

6.0 


kil 

l|N 

V|N = 10V 



3.25 

mA 

V|N = -10V 



-3.25 

mA 

Vqh 

Iqh — —400 fiA 

2.5 



V 

VoL 

Iql = 8 mA 



0.5 

V 

isc 

Vcc = max. Vout = ov 

-15 


-100 

mA 

DRIVER 

V|H 


2.0 



V 

V|L 




0.8 

V 

l|L 

Vcc = max, V||m = 0.4V 


-40 

-200 

jaA 

l|H 

Vcc = MAX, V|N = 2.7V 



20 

jaA 

l| 

Vcc = max, V|n = 7.0V 



100 

/J.A 

VCL 

Vcc — MIN,I|i\| = — 18 mA 



-1.5 

V 

VOH 

Vcc — MIN, Iqh — —20 mA 

2.5 



V 

VoL 

Vcc — MIN, Iql = +20 mA 



0.5 

V 

lOFF 

Vcc = ov, Vout = 5.5V 



100 

jliA 

II- 

l> 

I 




0.4 

V 

Vt 


2.0 



V 

|Vos - VosI 




0.4 

V 

Isc 

Vcc = max, Vout = ov 

-30 


-150 

mA 

DRIVER and RECEIVER 

Icc 

Vcc ^ max, Vout - Logic o 



35 

mA 
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DS8921/DS8921A 


Receiver Switching Characteristics (Figures 1 and 2) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

8921 

8921A 

TpLH 

Cl = 30 pF 


14 

22.5 

20 

ns 

TpHL 

Cl = 30 pF 


14 

22.5 

20 

ns 

iTpLH-TpHlI 

Cl = 30 pF 


0.5 

5 

3.5 

ns 


Driver Switching Characteristics (Figures 3 ax\6 4) 

SINGLE ENDED CHARACTERISTICS 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

8921 

8921A 

TpLH 

Cl = 30 pF 


10 

15 

15 

ns 

TpHL 

Cl = 30 pF 


10 

15 

15 

ns 

Ttlh 

Cl = 30 pF 


5 

8 

8 

ns 

Tthl 

Cl = 30 pF 


5 

8 

8 

ns 

Skew 

CL = 30 pF (Note 5) 


1 

5 

3.5 

ns 


Driver Switching Characteristics (Figures 3 and 5) 

DIFFERENTIAL CHARACTERISTICS (Note 6) 


Symbol 


Min 

Typ 

Max 

Units 



8921 

8921 A 

TpLH 

Cl = 

30 pF 


10 

15 

15 

ns 

TpHL 

Cl = 

30 pF 


10 

15 

15 

ns 

iTpLH-TpHLi 

Cl = 

30 pF 


0.5 

6 

2.75 

ns 


Mote 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The Table of "Electrical Characteristics” provides conditions for actual device operation. 

Note 2: All currents into device pins are shown as positive values; all currents out of the device are shown as negative; all voltages are referenced to ground unless 
otherwise specified. All values shown as max or min are classified on absolute value basis. 

Note 3: All typical values are Vcc = 5V, T* = 25°C, 

Note 4: Only one output at a time should be shorted. 

Note 5: Difference between complementary outputs at the 50% point. 

Note 6: Differential Delays are defined as calculated results from single ended rise and fall time measurements. This approach in establishing AC performance 
specifications has been taken due to limitations of available Automatic Test Equipment (ATE), 

The calculated ATE results assume a linear transition between measurement points and are a result of the following equations: 

y _ (Tfb X Trb) ~ (Tra ^ Tfa) 

Trb “ Tra “ Tfa + Tfb 
Where: T^r = Crossing Point 

Tra. Trb. Tfa and Tfb are time measurements with respect to the input. See Figure 6. 
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AC Test Circuits and Switching Diagrams 




TL/F/8512-5 TL/F/8512-6 

FIGURES FIGURE 4 



FIGURES 


Typical Applications 


ST506 and ST412 Application 

DS8921A ' DS8922 

I 1 1 I 1 





CONTROLLER 


TL/F/8512-8 




DS8921/DS8921A 
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National 
Semiconductor 

DS8922/22A/DS8923/23A TRI-STATE® RS-422 
Dual Differential Line Driver and Receiver Pairs 


General Description 

The DS8922/22A and DS8923/23A are Dual Differential 
Line Driver and Receiver pairs. These devices are designed 
specifically for applications meeting the ST506, ST412 and 
ESDI Disk Drive Standards. In addition, the devices meet 
the requirements of the EIA Standard RS-422. 

These devices offer an input sensitivity of 200 mV over a 
±7V common mode operating range. Hysteresis is incorpo- 
rated (typically 70 mV) to improve noise margin for slowly 
changing input waveforms. An input fail-safe circuit is pro- 
vided such that if the receiver inputs are open the output 
assumes the logical one state. 

The DS8922A and DS8923A drivers are designed to pro- 
vide unipolar differential drive to twisted pair or parallel wire 
transmission lines. Complementary outputs are logically 
ANDed and provide an output skew of 0.5 ns (typ.) with 
propagation delays of 1 2 ns. 

Both devices feature TRI-STATE outputs. The DS8922/22A 
have independent control functions common to a driver and 
receiver pair. The DS8923/23A have separate driver and 
receiver control functions. 


Power up/down circuitry is featured which will TRI-STATE 
the outputs and prevent erroneous glitches on the transmis- 
sion lines during system power up or power down operation. 
The DS8922/22A and DS8923/23A are designed to be 
compatible with TTL and CMOS. 

Features 

■ 1 2 ns typical propagation delay 

■ Output skew — ±0.5 ns typical 

■ Meets the requirements of EIA Standard RS-422 

■ Complementary Driver Outputs 

■ High differential or common-mode input voltage ranges 
of ±7V 

■ ±0.2V receiver sensitivity over the input voltage range 

■ Receiver input fail-safe circuitry 

■ Receiver input hysteresis — ±70 mV typical 

■ Glitch free power up/down 

■ TRI-STATE outputs 


Connection Diagrams 


DS8922A Dual-ln-Line 



TL/F/0511-1 

Order Number DS8922N, J, M, 

DS8922AN, AJ, AM 

See NS Package Number N16A, J16A or M16A 


Truth Tabies 

DS8922/22A 




R01 

R02 

D01 

D02 

0 

0 

ACTIVE 

ACTIVE 

ACTIVE 

ACTIVE 

1 

0 

Hl-Z 

ACTIVE 

Hl-Z 

ACTIVE 

0 

1 

ACTIVE 

Hl-Z 

ACTIVE 

Hl-Z 

1 

1 

Hl-Z 

Hl-Z 

Hl-Z 

Hl-Z 


DS8923A Dual-ln-Line 




TL/F/0511-2 

Order Number DS8923N, J, M 
DS8923AN, AJ, AM 

See NS Package Number N16A, J16A or M16A 


DS8923/23A 




R01 

R02 

D01 

D02 

0 

0 

ACTIVE 

ACTIVE 

ACTIVE 

ACTIVE 

1 

0 

ACTIVE 

ACTIVE 

Hl-Z 

Hl-Z 

0 

1 

Hl-Z 

Hl-Z 

ACTIVE 

ACTIVE 

1 

1 

Hl-Z 

Hl-Z 

Hl-Z 

Hl-Z 


For complete specifications see the Interface Databook. 
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DS8922/DS8922A/DS8923/DS8923A 


Absolute Maximum Ratings (Note 1) Differential input Voltage ±12V 

If Military/Aerospace specified devices are required, Storage Temperature Range -65»Cto +165»C 

contact the National Semiconductor Sales Office/ Lead Temp. (Soldering, 4 seconds) 260°C 

Distributors for availability and specifications. ^ 

Supplyvoitage 7v Recommended Operating 

Drive Input Voltage -0.5Vto-t-7V ConditiOnS 

Output Voltage 5.5V Min Max Units 

Receiver Output Sink Current 50 mA Supply Voltage 4.5 5.5 V 

Receiver Input Voltage ±10V Temperature (Ty\) 0 70 °C 

DS8922/22A and DS8923/23A Electrical Characteristics (Notes 2, 3, and 4) 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

RECEIVER 

- Vth 

-7V ^ VcM ^ +7V 

-200 

±35 

+ 200 

mV 

Vhyst 

-7V ^ VcM ^ +7V 

15 

50 


mV 

Rin 

-7V ^ VcM ^ +7V 

4.0 

6.0 


kn 

l|N 

V|N = 10V 



3.25 

mA 

V|N = -10V 



-3.25 

mA 

VOH 

Vcc — MIN, Iqh — — 400 p,A 

2.5 



V 

VoL 

Vcc — MAX, Iql — 8 fTiA 



0.5 

V 

isc 

Vcc = max, Vout = ov 

-15 


-100 

mA 

DRIVER 

VOH 

Vcc — min, Iqh — —20 mA 

2.5 



V 

VoL 

Vcc — MIN, Iql = +20 mA 



0.5 

V 

lOFF 

Vcc = ov, Vout = 5.5V 



100 

)nA 

|vt|-|vT| 




0.4 

V 

VT 


2.0 



V 

|VoS-Vosl 




0.4 

V 

Isc 

Vcc = max, Vout = ov 

-30 


-150 

mA 

DRIVER and RECEIVER 

Iqz 

TRI-STATE 

Leakage 

Vcc = MAX 

VqUT = 2.5V 



50 

JU.A 

Vqut = 0.4V 



-50 

JU.A 

Icc 

Vcc = max 

ACTIVE 



76 

mA 

TRI-STATE 



78 

mA 

DRIVER and ENABLE INPUTS 

V|H 


2.0 



V 

V|L 




0.8 

V 

l|L 

Vcc = max, V|n = 0.4V 


-40 

-200 

JU.A 

l|H 

Vcc = max, V|n = 2.7V 



20 

juiA 

ll 

Vcc = max, V|n = 7.0V 



100 

fiA 

VCL 

Vcc — min, I|n = — 18 mA 



-1.5 

V 

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The Table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: All currents into device pins are shown as positive values; all currents out of the device are shown as negative; all voltages are referenced to ground unless 
otherwise specified. All values shown as max or min are classified on absolute value basis. 

Note 3: All typical values are Vqc = 5V, T/\ = 25°C. 

Note 4: Only one output at a time should be shorted. 
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Receiver Switching Characteristics (Figures 1, 2 and 3) 



Driver Switching Characteristics (Figures 4, 5 and 6) 


SINGLE ENDED CHARACTERISTICS 



Skew 


Skew (Channel to Channel) 


TdlZ 


z 


CL = 

30 pF 

CL = 

30 pF 

CL = 

30 pF 

CL = 

30 pF 

CL = 

30 pF 

CL = 

30 pF (Note 5) 



CL = 30 pF 


CL = 30 pF 


CL = 30 pF 


CL = 30 pF 



Differential Switching Characteristics (Note 6, Figure 7) 



Typ 

1 Max 


8922/23 

8922A/23A 


12 

15 

15 

ns 

12 

15 

15 

ns 

0.5 

6.0 

2.75 

ns 


CL = 30 pF 


CL = 30 pF 


CL = 30 pF 


Note 5: Difference between complementary outputs at the 50% point. 

Note 6: Differential Delays are defined as calculated results from single ended rise and fall lime measurements. This approach in establishing AC performance 
specifications has been taken due to limitations of available Automatic Test Equipment (ATE). 

The calculated ATE results assume a linear transition between measurement points and are a result of the following equations: 

_ (Tfb X Trb) - (Tra x Tfa) 

~ Trb - Tra - Tfa + Tfb 
Where: Ter = Crossing Point 

Tra, Trb, Tfa and Tfb are time measurements with respect to the input. 


Switching Time Waveforms 
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DS8922/DS8922A/DS8923/DS8923A 


AC Test Circuits and Switching Waveforms 




TpLH TpHL 


TL/F/8511-5 

FIGURE 2 




NOTE : C1 =C2=C3=30 pF , R1 =R2=50 H , R3=500 D. 

TL/F/8511-7 

FIGURE 4 
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AC Test Circuit and Switching Waveforms (Continued) 



FIGURE 5 



FIGURE 6 
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DS8922/DS8922A/DS8923/DS8923A 



DS8922/DS8922A/DS8923/DS8923A 


Typical Applications 


ESDI Application 


DS8923 . DS8923 


I 



DRIVE CONTROLLER 


TL/F/8511-11 


ST504 and ST412 Applications 
DS8921 ' DS8922 
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National 

Sim Semiconductor 

DS8924 Quad TRI-STATE® Differential Line Driver 


General Description 

The DS8924 is a quad differential line driver designed for 
digital data transmission over balanced lines. The outputs 
are TRI-STATE® structures which are forced to a high im- 
pedance state when the appropriate output control pin 
reaches a logic zero condition. All input pins are PNP buff- 
ered to minimize input loading for either logic one or logic 
zero inputs. In addition, internal circuitry assures a high im- 
pedance output state during the transition between power 
up and power down. 

The DS8924 is pin and functionally compatible with 
DS3487. It features improved performance over 3487-type 
circuit as outputs can source and sink 48 mA. In addition, 
outputs are not significantly affected by negative line reflec- 
tions that can occur when the transmission line is untermi- 
nated at the receiver end. 


Features 

■ Four independent driver chains 

■ TRI-STATE outputs 

■ PNP high impedance inputs 

■ Power up/down protection 

■ Fast propagation times (typ 1 2 ns) 

■ TTL compatible 

■ Single 5V supply voltage 

■ Output rise and fall times less than 20 ns (typ 10 ns) 

■ Pin compatible with DS3487 and MC3487 

■ Output skew — 2 ns typ 


Block and Connection Diagrams 



NON-INVERTING 


A/B CONTROL 


Dual-in-Line Package 



C/D CONTROL 


Truth Table 


Top View 

Order Number DS8924J or N 
See NS Package J16A or N16A 


Control 

Input 



Non-Inverter 

Output 

Inverter 

Output 

H 

L 

L 

H 

Z 

Z 


L = Low logic state 
H = High logic state 
X = Irrelevant 

Z = TRI-STATE (high impedance) 
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DS8924 













DS8924 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7V 

Input Voltage 5.5V 

Storage Temperature -65°Cto +150°C 

Lead Temperature (Soldering, 4 sec.) 260°C 


Maximum Power Dissipation* at 25°C 
Cavity Package 1 550 mW 

Molded Package 1 560 mW 

’Derate cavity package 10.3 mW/°C above 25°C; derate molded package 
12.5 mW/"C above 25’C. 


Operating Conditions 


Supply Voltage (Vcc) 

Min 

Max 

Units 

DS8924 

Temperature (Ta) 

4.75 

5.25 

V 

DS8924 

0 

70 

°C 


Electrical Characteristics (Notes 2, 3, 4 and 5) 


Symboi 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VlL 

Input Low Voltage 




0.8 

V 

V|H 

Input High Voltage 


2.0 



V 

l|L 

Input Low Current 

V|L = 0.5V 



-200 

JU.A 

l|H 

Input High Current 


V|H = 2.7V 



50 

fiA 

V|H = 5.5V 



100 

jliA 

VCL 

Input Clamp Voltage 

ICL = “ "1 8 fTlA 



-1.5 

V 

Vql 

Output Low Voltage 

Iql = 48 mA 



0.5 

V 

Vqh 

Output High Voltage 

Iqh = — 20 mA 

2.5 



V 

Vqh 

Output High Voltage 

Iqh = -48 mA 

2.0 



V 

Iqs 

Output Short-Circuit Current 


-80 


-260 

mA 

Iqz 

Output Leakage Current (TRI-STATE) 


Vo = 0.5V 



-100 

JU.A 

Vo = 5.5V 



100 

fiA 

Iqff 

Output Leakage Current Power OFF 

> 

o 

II 

8 

> 

Vo = 6V 



100 

fxA 

Vo = -0.25 V 



-100 

fiA 

|VoS-Vosl 

Difference in Output Offset Voltage 




0.4 

V 

Vt 

Differential Output Voltage 


2.0 



V 

IvtI - |Vt1 

Difference in Differential Output 
Voltage 




0.4 

V 

Icc 

Power Supply Current 


Active 


50 

80 

mA 

TRI-STATE 


35 

60 

mA 


Switching Characteristics vcc = sv.ta = 25°c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpHL 

Input to Output 



12 

20 

ns 

tpLH 

Input to Output 



12 

20 

ns 

Skew 

Output to Output 

Cl = 50 pF 

1 

2.0 

5.0 

ns 

tTHL 

Differential Fall Time 



10 

20 

ns 

tTLH 

Differential Rise Time 



10 

20 

ns 

tpHZ 

Enable to Output 

Rl = 200ft, Cl = 50 pF 


17 

25 

ns 

tpLZ 

Enable to Output 

Rl = 200ft, Cl = 50 pF 


20 

30 

ns 

tpZH 

Enable to Output 

Rl = oo, Cl = 50 pF, SI Open 


13 

25 

ns 

tpZL 

Enable to Output 

Rl = 200ft, Cl = 50 pF, S2 Open 


17 

30 

ns 


Note 1: “Absolute Maximum Ratings” are those vaiues beyond which the safety of the device cannot be guaranteed. They are not meant to impiy that the devices 
shouid be operated at these limits. The tables of “Electrical Characteristics" provide conditions for actual device operation. 


Note 2: Unless otherwise specified, min/max limits apply across the 0”C to +70”C range for the DS8924. All typicals are given for Vcc = 5V and T* = 25°C. 
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless othenvise specified. 
Note 4: Only one output at a time should be shorted. 

Note 5: Symbols and definitions correspond to EIA RS-422, where applicable. 
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AC Test Circuits and Switching Time Waveforms 



INPUT 


OUTPUT 


OUTPUT 



FIGURE 1. Propagation Delays 


TL/F/8507-3 


5V 



CONTROL 

INPUT 

OUTPUT 

OUTPUT 



51 = open for 

52 = open for tpz[_ 


TL/F/6507-4 

FIGURE 2. TRI-STATE Enable and Disable Delays 



3V 


INPUT 


OV 


7 


\ 


OUTPUT 

(DIFFERENTIAL) 



Input pulse: f = 1 MHz, 50%; tp = tf < 15 ns. 


FIGURE 3. Differential Rise and Fall Times 


TL/F/8507-5 




jaA9622/DS9622 



National 

Semiconductor 


jixA9622/DS9622 Dual Line Receiver 


General Description 

The jliA 9622/DS9622 is a dual line receiver designed to 
discriminate a worst case logic swing of 2V from a ± 1 0V 
common mode noise signal or ground shift. A 1 .5V thresh- 
old is built into the differential amplifier to offer a TTL com- 
patible threshold voltage and maximum noise immunity. The 
offset is obtained by use of current sources and matched 
resistors. 

The fAA9622/DS9622 allows the choice of output states 
with the input open, without affecting circuit performance by 
use of S3. A 130n terminating resistor is provided at the 
input of each line receiver. An enable is also provided for 
each line receiver. The output is TTL compatible. The output 


high level can be increased to 1 2V by tying it to a positive 
supply through a resistor. The output circuits allow wired-OR 
operation. 

Features 

■ TTL compatible threshold voltage 

■ Input terminating resistors 

■ Choice of output state with inputs open 

■ TTL compatible output 

■ High common mode 

■ Wired-OR capability 

■ Enable inputs 

■ Logic compatible supply voltages 


Connection Diagram 


14-Lead DIP 



Order Number /xA9622DM or DS9622MJ 
See NS Package Number J14A* 


* For most current package information, contact product marketing. 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, Voltage Applied to Outputs 

contact the National Semiconductor Sales Office/ for Output High State 

Distributors for availability and specifications. y- 

Storage Temperature Range -65°Cto -l-175°C Enable to GND 

Operating Temperature Range -55°Cto -M25°C 

Lead Temperature (Soldering, 60 sec.) 300°C OpOratinQ ConditionS 

Internal Power Dissipation 400 mW Min 

V+toGND - 0.5V to -1- 7.0V Supply Voltage, Vcc 4.5 

Input Voltage ±15V Temperature, Ta -55 

-0.5V to -FI 3.2V 
-0.5V to -12V 
-0.5V to -F15V 

Max Units 

5.5 V 

+ 125 °C 

Electrical Characteristics (Notes 2, 3) 





Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

VoL 

Output Voltage LOW 

V+ = S3 = 4.5V, V- = -11V, 
Vdiff — 2.0V, Iql — 12.4 mA, 
EN = Open 


0.4 

V 

VoH 

Output Voltage HIGH 

V+ = 4.5V, V- = -9.0 V, 
S3 = OV, V01FF — 1-OV, 

Iqh = “0-2 mA, EN = Open 

2.8 


m 

ICEX 

Output Leakage Current 

V+ = 4.5V, V- = -11V, 
S3 = OV. Vd[ff = 1-OV, 
Vo = 12V, EN = Open 


200 

jaA 

Iqs 

Output Short Circuit 
Current (Note 4) 

V+ = 5.0V, V- = -10V. 
Vdiff = I-OV.Vq = S3 = ov, 
EN = Open 

-3.1 

-1.4 

mA 

Ir(EN) 

Enable Input 
Leakage Curent 

V+ = S3 = 4.5V, V- = -11V, 
In = Open, EN = 4.0V 


5.0 

fiA 

If(EN 

Enable Input 
Fonward Current 

V+ = 5.5V, V- = -9.0V 
V| = Open. EN = S3 = OV 

-1.5 


mA 

If(+IN) 

+ Input Forward Current 

V+ = 5.0V, V- = -10V. 
V|+ = OV.Vr = GND, 
EN = S3 = Open 

-2.3 


mA 

If(-IN) 

- Input Forward Curent 

V+ = S3 = 5.0V, V- = -10V, 
V|+ = GND.Vr = OV, 

EN = Open 

-2.6 


mA 

Vil(EN) 

Input Voltage LOW 

4.5V ^ V+ ^ 5.5V, 

+ 25°C 


1.0 

V 



-11V ^ V- ^ -9.0V, 
EN = Open 

-l-125°C 


0.7 

V 



-55°C 


1.3 

V 

Vth 

Differential Input 
Threshold Voltage 

4.5V, ^ V+ ^ 5.5V, 
-11V ^ V- ^ -9.0V, 
EN = Open 

1.0 

2.0 

V 

VcM 

Common Mode Voltage 

V+ = 5.0V, V- = -10V, 
1 .OV ^ Vdiff ^ 2.0V 

25°C 

-10 

+ 10 

V 

Rt 

Terminating Resistance 


25°C 

91 

215 

n 

1 + 

Positive Supply Current 

v+ = S3 = V|+ = 5.5V, 

25°C 


22.9 

mA 

1 - 

Negative Supply Current 

V- = 11V,V|- = ov 


-11.1 


mA 

SWITCHING CHARACTERISTICS Ta = 25”C 

tpLH 

Propagation Delay 
to High Level 

V+ = 5.0V, 
V- = -10V. 

Rl == 3.9 kfi 


50 

ns 

tpHL 

Propagation Delay 
to Low Level 

ov ^ V| ^ 3.0V, 
Cl = 30 pF 
(See Figure 1 ) 

Rl = 390H 


50 

ns 

Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 

Note 2: Unless otherwise specified Min/Max limits apply across the — 55'C to + 125°C temperature range. All typicals are given for Vcc ~ 5V and T/^ = 25°C. 
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless othen/vise specified. 
Note 4: Only one output at a time should be shorted. 
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National 

Semiconductor 


]aA9627/DS9627 Dual Line Receiver 


General Description 

The fi,A9627/DS9627 is a dual-line receiver which meets 
the electrical interface specifications of EIA RS-232C and 
MIL-STD-188C. The input circuitry accommodates ±25V in- 
put signals and the differential inputs allow user selection of 
either inverting or non-inverting logic for the receiver opera- 
tion. The /i,A9627/DS9627 provides both a selectable hys- 
teresis range and selectable receiver input resistance. 
When pin 1 is tied to V“, the typical switching points are at 
2.6V and -2.6V, thus meeting RS-232-C requirements. 
When pin 1 is open, the typical switching points are at 
50 JU.A and -50 p,A, thus satisfying the requirements of MIL- 
STD-188C LOW level interface. Connecting the RA and/or 
RB pins to the (-) input yields an input impedance in the 
range of 3 kll to 7 kCl and satisfies RS-232-C requirements; 
leaving RA and/or RB pins unconnected, the input resist- 
ance will be greater than 6 kft to satisfy MIL-STD-188C. 


The output circuitry is TTL/DTL compatible and will allow 
“collector-dotting” to generate the wired-OR function. A 
TTL/DTL strobe is also provided for each receiver. 

Features 

■ EIA RS-232-C input standards 

■ Ml L-STD-188C input standards 

■ Variable hysteresis control 

■ High common mode rejection 

■ R control (5 kH or 10 kfl) 

■ Wired-OR capability 

■ Choice of inverting and non-inverting inputs 

■ Outputs and strobe TTL compatible 


Connection Diagram 


16-Lead DIP 


HYSTERESIS 


STROBE A 



STROBE B 


Top View 

Order Number pA9627DM or DS9627MJ 
See NS Package Number* J16A 


•For most current package information, contact product marketing. 
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/XA9627/DS9627 



/XA9627/DS9627 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Saies Office/ 
Distributors for avaiiability and specifications. 

Storage T emperature Range - 65°C to + 1 75°C 

Operating Temperature Range - 55°C to + 1 25°C 

Lead T emperature (Soldering, 60 sec.) 300°C 

Internal Power Dissipation 400 mW 

V+toGND 0Vto+15V 

V-toGND 0Vto-15V 


Input Voltage Referred to GND 
Strobe to GND 
Applied Output Voltage 

Operating Conditions 

Min 

Supply Voltage (Vcc) 4.5 

Temperature (Ta) —55 


±25V 
-0.5V to -(-5.5V 
-0.5V to -(-15V 


Electrical Characteristics 

Hysteresis, -IN A, -IN B, RA and RB Open for MIL-STD-188C, unless othenwise specified (Notes 2 and 3) 


Symbol Characteristics Conditions 


VoL Output Voltage LOW V+ = 10.8V, V" = -13.2V, 

V|+ = 0.6V, loL = 6.4 mA 


V+ = 10.8V, V- == -13.2V, 
V|+ = 0.6V, loH = -0.5 mA 


= 13.2V, V- = -10.8V, 
V|+ = 0.6V, Vo = OV 


V+ = 10.8V, 

V- = -13.2V, V|+ = 0.6V 


V+ = 13.2V, V- = -13.2V, 
-3.0V ^ V|+ 3.0V 


± 10.8V ^ Vcc ^ ± 13.2V, 
Vo = 2.4V 


± 10.8V ^ Vcc ^ ± 13.2V, 
Vo = 0.4V 


V|+ = -0.6V 


V+ = 13.2V, V- = -10.8V, 
V|+ = -0.6V 


+ 10.8V Vcc ^ ± 13.2V 
V|+ = -0.6V 


Output Voltage HIGH 


Output Short Circuit 
Current (Note 4) 


Input Current HIGH 
(Strobe) 


Input Resistance 


Positive Threshold Current 


Negative Threshold Current 


Input Voltage LOW (Strobe) 


Input Voltage HIGH (Strobe) 


VsT = 2.4V 


VsT = 5.5V 


Positive Supply Current 


Negative Supply Current 


± 10.8V ^ Vcc ^ ± 13.2V 
V|+ = 0.6V 



Electrical Characteristics -(- IN A and - IN B connected to ground, RA and RB connected to - IN A and - IN B 
and Hysteresis connected to V~ for RS-232C, unless otherwise specified 


Conditions 


3.0V ^ V| ^ 25V 


-3.0V ^ V| ^ -25V 


Symbol 

Characteristics 

R| 

Input Resistance 

V| 

Input Voltage 

Vth-h 

Positive Threshold Voltage 

Vth- 

Negative Threshold Voltage 



Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics” provide conditions for actual device operation. 

Note 2: Unless otherwise specified Min/Max limits apply across the -55'C to -t-125'’C temperature range. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 
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Electrical Characteristics vcc= ±i2VforMiL-sTD-i88CandRs-232c,TA = 25°c 

Symbol 

Characteristics 

Conditions 

Min 

Max 

Units 

tpLH 

Propagation Delay to High Level 

(See Figure 1 ) 


250 

ns 

tpHL 

Propagation Delay to Low Level 

(See Figure 1 ) 


250 

ns 




TL/F/9761-3 


PRR = 10 kHz 


PW = 50 fts 
tf = tf = 5 ns 


FIGURE 1. Switching Time Test Circuit and Waveforms 
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Equivalent Circuit (y^ of circuit) 





National 
Semiconductor 

DS9636A/jaA9636A 

RS-423 Dual Programmable Slew Rate Line Driver 

General Description 

The DS9636 A/jliA 9636A is a TTL/CMOS compatible, dual, 
single ended line driver which has been specifically de- 
signed to satisfy the requirements of ElA Standard RS-423. 

The DS9636A/jiA9636A is suitable for use in digital data 
transmission systems where signal wave shaping is desired. 

The output slew rates are jointly controlled by a single exter- 
nal resistor connected between the wave shaping control 
lead (WS) and ground. This eliminates any need for external 
filtering of the output signals. Output voltage levels and slew 
rates are independent of power supply variations. Current- 
limiting is provided in both output states. The DS9636A/ 
fi.A9636A is designed for nominal power supplies of ±12V. 


Inputs are TTL compatible with input current loading low 
enough (1/10 UL) to be also compatible with CMOS logic. 
Clamp diodes are provided on the inputs to limit transients 
below ground. 

Features 

■ Programmable slew rate limiting 

■ Meets ElA Standard RS-423 

■ Commercial or extended temperature range 

■ Output short circuit protection 

■ TTL and CMOS compatible inputs 



Connection Diagram 

8-Lead DIP 



Order Number DS9636ACJ, p.A9636ARC, 
DS9636AMJ, ]aA9636ARM or DS9636ACN, jaA9636ATC 
See NS Package Number J08A or N08E 


*For most current package information, contact product marketing. 
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DS9636A/|aA9636A 



DS9636A/jliA9636A 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Storage Temperature Range 
Ceramic DIP -65°Cto +175°C 

Molded DIP -65°Cto +150‘’C 

Lead Temperature 

Ceramic DIP (Soldering, 60 seconds) 300°C 

Molded DIP (Soldering, 10 seconds) 265°C 


Recommended Operating Conditions 


Characteristics 


Positive Supply Voltage (V + ) 


Negative Supply Voltage (V-) 


Operating Temperature (Ta) 


Wave Shaping Resistance (Ryvs) 


Maximum Power Dissipation* at 25°C 
Cavity Package 1 300 mW 

Molded Package 930 mW 

V+ Lead Potential to Ground Lead V- to + 15V 

V- Lead Potential to Ground Lead +0.5V to -15V 

V+ Lead Potential to V- Lead OV to +30V 

Output Potential to Ground Lead ± 1 5V 

Output Source Current - 1 50 mA 

Output Sink Current 1 50 mA 

•Derate cavity package 8.7 mW/°C above 25°C; derate molded DIP package 
7.5 mW/^C above 25“C. 


DS9636AM/|LiAg636AM 

DS9636AC/jliA9636AC 

Min 

Typ 

Max 

Min 

Typ 

Max 

10.8 

12 

13.2 

10.8 

12 

13.2 

-13.2 

-12 

-10.8 

-13.2 

-12 

-10.8 

-55 

25 

125 

0 

25 

70 

10 


500 

10 


1000 



Eiectrical Characteristics Over recommended operating temperature, supply voltage and wave shaping resist- 
ance ranges unless otherwise specified (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VoHI 

Output Voltage HIGH 

RLtoGND(RL = “) 

5.0 

5.6 

6.0 

V 

V0H2 


RLtoGND(RL = 3.0 kft) 

5.0 

5.6 

6.0 

V 

V0H3 


RLtoGND(RL = 450n) 

4.0 

5.5 

6.0 

V 

VOLI 

Output Voltage LOW 

RLtoGND(RL = °o) 

-6.0 

-5.7 

-5.0 

V 

VqL2 


RLtoGND(RL = 3.0 kO) 

-6.0 

-5.6 

-5.0 

V 

VqL3 


RLtoGND(RL = 450n) 

-6.0 

-5.4 

-4.0 

V 

Ro 

Output Resistance 

450ft ^ Rl 


25 

50 

ft 

ios+ 

Output Short Circuit Current (Note 4) 

Vo = OV, Vi = OV 

-150 

-60 

-15 

mA 

los- 


Vo = OV, V, = 2.0V 

15 

60 

150 

mA 


Vo = ± 6.0V, Power-Off 



Output Leakage Current 


Input Voltage HIGH 


Input Voltage LOW 


Input Clamp Diode Voltage 


Input Current LOW 


Input Current HIGH 


Positive Supply Current 


Negative Supply Current 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 

Note 2: Unless otherwise specified Min/Max limits apply across the -55°C to + 125'C temperature range for the DS9636AM and across the 0°C to + 70°C range 
for the DS9636AC. All typicals are given for Vcc = 5V and Ta = 25'C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise 
specified. 

Note 4: Only one output at a time should be shorted. 


l| = 

15 mA 


V, = 

0.4V 


V,= 

2.4V 


V| = 

5.5V 


Vcc 

= ±12V, Rl = 

00 J 

Rws 

= lOOkft, V| 

= OV 

Vcc 

= ±12V, Rl = 

OOj 

Rws 

= lOOkft, V| 

= OV 
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Switching 

I Characteristics Vcc = ±12V ±10%,Ta = 25°C, see AC Test circuit 

Symbol 

Parameter 

Condition 

Min 

Typ 

Max 

Units 

tr 

Rise Time 

Rws “10 

0.8 

1.1 

1.4 

fi,S 

Rws =100 kfl 

8.0 

11 

14 

Rws “ 500 kft 

40 

55 

70 

Rws = 1 000 kn 

80 

110 

140 

tf 

Fall Time 

Rws =10 kfl 

0.8 

1.1 

1.4 

flS 

Rws =100 kfl 

8.0 

11 

14 

Rws “ 500 kfl 

40 

55 

70 

Rws = 1000 kfl 

80 

110 

140 



= COMMON TO BOTH CHANNELS 
= CROSSUNDER 



FIGURE 1. Equivalent Circuit 


TL/F/9620-2 
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DS9636A/jliA9636A 







DS9636A//XA9636A 


Typical Performance Characteristics 
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Output Current vs 
Output Voltage (Power Off) 
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OUTPUT VOLTAGE - V 


1 


Supply Current 
vs Temperature 



-55 0 25 70 125 

TEMPERATURE - ®C 


Transition Time vs Rws 



WAVE SHAPING RESISTANCE - 0 

TL/F/9620-3 


+ 12V 



Note: Cl includes jig and probe capacitance 



Offset: OV 
Pulse Width: 500 jxs 


PRR: 1.0 kHz 
tr = tf ^ 10 ns 


FIGURE 2. AC Test Circuit and Waveforms 



Note: Use 1 N4448 or equivalent. TL/F/9620-6 

FIGURE 3. RS-423 System Application 
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National 

Semiconductor 


DS9637A/jitA9637A 

Dual Differential Line Receiver 


General Description 

The DS9637A/jnA9637A is a Schottky dual differential line 
receiver which has been specifically designed to satisfy the 
requirements of EIA Standards RS-422 and RS-423. In addi- 
tion, the DS9637A/jaA9637A satisfies the requirements of 
MIL-STD 188-114 and is compatible with the International 
Standard CCITT recommendations. The DS9637A/ 
jnA9637A is suitable tor use as a line receiver in digital data 
systems, using either single ended or differential, unipolar or 
bipolar transmission. It requires a single 5V power supply 
and has Schottky TTL compatible outputs. The DS9637A/ 
^A9637A has an operational input common mode range of 
±7V either differentially or to ground. 


Features 

■ Dual channels 

■ Single 5V supply 

■ Satisfies EIA standards RS-422 and RS423 

■ Built-in ±35 mV hysteresis 

■ High common mode range 

■ High input impedance 

■ TTL compatible output 

■ Schottky technology 

■ Extended temperature range 


Connection Diagram 

8-Lead DIP and SO-8 Package 



Order Number DS9637ACJ, jliA 9637ARC, 
DS9637AMJ, /xA9637ARM 
See NS Package Number J08A* 

Order Number DS9637ACM, ju.A9637ASC 
See NS Package Number M08A 

Order Number DS9637ACN, jaA9637ATC 
See NS Package Number N08E 

•For most current package information, contact product marketing. 
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DS9637A/^A9637A 


Absolute Maximum Ratings (Note i) 

If Military/ Aerospace specified devices are required, Vcc Lead Potential to Ground —0.5V to 7.0V 

contact the Nationai Semiconductor Saies Office/ Input Potential to Ground ±15V 

Distributors tor svsilsbillty aitd specifications. Differential Input Voltage ± 1 5V 

®'SmIc 01?'“'“'° -65-Cto+175-C Output Potential to Ground -0.5Vto+5.5V 

Molded DIP - 65°C to + 1 50°C Sink Current 50 mA 

'■“StlS'ns'oidering, 30 seconds) 3oo‘c Recommended Operating 

Molded DIP and SO Package COnditionS 

(Soldering, 10 seconds) 265°C DS9637AM/jliA 9637AM Min Ma> 

Maximum Power Dissipation* at 25°C Supply Voltage (Vcc) 4.5 5.5 

Cavity Package 1300 mW Operating Temperature (Ta) -55 +12 

Molded Package 930 mW 

SO Package 810 mW DS9637AC/ftA9637AC 

Supply Voltage (Vrr) 4.75 5.2£ 

•Derate cavity package 8.7 mW/°C above 25°C; derate molded DIP package ^ ^ i-r \ n , - 7 , 

7.5 mW/°C above 25°C; derate SO package 6.5 mW/”C above 25“C. Operating Temperature (Ta) 0 + 7( 

Electrical Characteristics 

Over recommended operating temperature and supply voltage ranges, unless othenwise specified (Notes 2 and 3) 


DS9637AM/jiiA9637AM 

Min 

Max 

Supply Voltage (Vcc) 

4.5 

5.5 

Operating Temperature (Ta) 

-55 

+ 125 

DS9637AC/]itA9637AC 

Supply Voltage (Vcc) 

4.75 

5.25 

Operating Temperature (Ta) 

0 

+ 70 


Symbol 

Parameter 

Conditions 

Vth 

Differential Input 
Threshold Voltage (Note 5) 

-7.0V ^ VcM ^ +7.0V 

VtH(R) 

Differential Input 
Threshold Voltage (Note 6) 

-7.0V ^ VcM ^ +7.0V 

ll 

Input Current 

V| = 10V, OV ^ Vcc ^ +5.5V 


(Note 7) 

V| = -10V, OV ^ Vcc ^ +5.5V 

VoL 

Output Voltage LOW 

Iql ~ 20 mA, Vcc ~ Min 

Vqh 

Output Voltage HIGH 

Iqh ~ —1.0 mA, Vcc ~ Min 

>os 

Output Short Circuit 
Current (Note 4) 

Vo = OV, Vcc = Max 

Icc 

Supply Current 

Vcc = Max,V|+ = 0.5V, 
V|- = GND 

Vhyst 

Input Hysteresis 

VcM = - 7-OV (See Curves) 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics” provide conditions for actual device operation. 

Note 2: Unless otherwise specified Min/Max limits apply across the — 55'C to + 1 25°C temperature range for DS9637AM and across the 0°C to + 70”C range for 
the DS9637ASC. All typicals are given for Vcc =“ 5V and Ta = 25°C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4; Only one output at a time should be shorted. 

Note 5: Vdiff (Differential Input Voltage) = (V| + ) - (V|-). Vqm (Common Mode Input Voltage) = V|+ or V|-. 

Note 6: 500fi ± 1 % in series with inputs. 

Note 7: The input not under test Is tied to ground. 
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DS9637A/jliA9637A 








DS9637A/jLtA9637A 


Typical Input/Output Transfer Characteristics 
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INPUT VOLTAGE - mV 


TL/F/9621-3 


INPUT VOLTAGE -mV 


TL/F/9621-4 


AC Test Circuit and Waveforms 



Notes: 

Cl includes jig and probe capacitance. 

Ali diodes are FD700 or equivaient. 

FIGURE 2 



V| 

Amplitude: 1.0V 
Offset; 0.5V 
Pulse Width: 1 00 ns 
PRR; 5.0 MHz 
V = tf ^ 5.0 ns 

FIGURE 2a 
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TL/F/9621-7 

FIGURE 3. RS-422 System Application (FIPS 1020) Differential Simplex Bus Transmission 

Notes: 

Rt S son for RS-422 operation. 


Rj combined with input impedance of receivers must be greater than 90n. 
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DS9638/fiA9638 


National 

Semiconductor 


PRELIMINARY 


DS9638/jaA9638 

RS-422 Dual High Speed Differential Line Driver 


General Description 

The DS9638 /jliA 9638 is a Schottky, TTL compatible, dual 
differential line driver designed specifically to meet the EIA 
Standard RS-422 specifications. It is designed to provide 
unipolar differential drive to twisted pair or parallel wire 
transmission lines. The inputs are TTL compatible. The out- 
puts are similar to totem pole TTL outputs, with active pull- 
up and pull-down. The device features a short circuit pro- 
tected active pull-up with low output impedance and is spec- 
ified to drive 5011 transmission lines at high speed. The mini- 
DIP provides high package density. 


Connection Diagram 


8-Lead DIP and SO-8 Package 



Features 

■ Single 5V supply 

■ Schottky technology 

■ TTL and CMOS compatible inputs 

■ Output short circuit protection 

■ Input clamp diodes 

■ Complementary outputs 

■ Minimum outupt skew (<1.0 ns typical) 

■ 50 mA output drive capability for 5011 transmission lines 

■ Meets EIA RS-422 specifications 

■ Propagation delay of less than 1 0 ns 

■ “Glitchless” differential output 

■ Delay time stable with Vcc and temperature variations 
(<2.0 ns typical) (Figure 3) 

■ Extended temperature range 


Order Number DS9638MJ, jaA9638RM, 
DS9638CJ or jaA9638RC 
See NS Package Number J08A* 

Order Number DS9638CM or ju.A9638SC 
See NS Package Number M08A 

Order Number DS9638CN or ju.A9638TC 
See NS Package Number N08E 

•For most current package information: contact product marketing. 


Top View 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Saies Office/ 
Distributors for availabiiity and specifications. 

Storage Temperature Range 
Ceramic DIP - SS^C to + 1 75°C 

Molded DIP and SO-8 - 65°C to + 1 50°C 

Lead Temperature 

Ceramic DIP (Soldering, 60 sec.) 300°C 

Molded DIP and SO Package 

(Soldering, 10 sec.) 265°C 


Maximum Power Dissipation* at 25°C 
Cavity Package 1 300 mW 

Molded Package 930 mW 

SO Package 8 1 0 mW 

Vcc Lead Potential to Ground - 5V to 7V 

Input Voltage — 0.5Vto+7V 

•Derate cavity package 8.7 mW/°C above 25“C: derate molded DIP package 
7.5 mW/*C above 25°C; derate SO package 6.5 mWC above 25°C. 


Recommended Operating Conditions 


DS9638M/jmA 9638M DS9638C/;xAg638C 




Typ 

Max 

Min 

Typ 

Max 

Units 

5.0 

5.5 

4.75 

5.0 

5.25 

V 


-50 



-50 

mA 



40 


50 

mA 

25 

125 

0 

25 

70 

°C 


Supply Voltage (Vcc) 

Output Current HIGH (Iqh) 
Output Current LOW (Iql) 
Operating Temperature (Ta) 


Electrical Characteristics Over recommended operating temperature and supply voltage ranges, unless other- 
wise specified (Notes 2 & 3) 


Symbol 


V|H 



l|H 


l|L 


los 


Vt-Vt 


Vt-Vt 


Vos. Vos 


Vos-Vos 


lx 



Parameter 


Input Voltage HIGH 


Input Voltage LOW 


Input Clamp Voltage 


Output Voltage HIGH 


Output Voltage LOW 


Input Current at Maximum 
Input Voltage 


Input Current HIGH 


Input Current LOW 


Output Short Circuit Current 


Terminated Output Voltage 


Output Balance 


Output Offset Voltage 


Output Offset Balance 


Output Leakage Current 


Supply Current 
(Both Drivers) 


0°Cto+70°C 


-55°Cto -l-125°C 

Vcc = Min, l| = -18 mA 

Vcc — Min, Iqh — —10 mA 2.5 3.5 

VlH - V|H Min. = -40 mA 2 0 

V|L = V|LMax 


Vcc = Min, V|H = V|H Min, 

V|L = ViLMax. Iql = 40 mA 

Vcc = Max, V| Max = 5.5V 

Vcc = Max, V|H = 2.7V 

Vcc = Max, V|L = 0.5V 

Vcc = Max, Vq = OV (Note 4) -50 

See Figure 1 2.0 


Ta = 25°C 
-0.25V < Vx < 6.0V 

Vcc = 5-5V, 

All input at OV, 

No Load 


0.5 

V 

50 

JU.A 

25 

fiA 

-200 

jaA 

-150 

mA 


V 

0.4 

V 

3.0 

V 

0.4 

V 

100 

JU.A 

65 

mA 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics provide conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 55°C to + 125°C temperature range for the DS9638M and across the 0“C to + 70°C range tor 
the DS9638C. All typicals are given for Vcc = 5V and T/\ = 25°C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4: Only one output at a time should be shorted. 
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DS9638//XA9638 


Switching Characteristics vcc = s.ov.ta = 2 s°c. 


Symbol 


tpo-tpo 


Parameter 

Conditions 

Propagation Delay 

Cl = 15 pF 

Rl = 1 0Otl, See Figure 2 

Fall Time. 90%-10% 


Rise Time, 10%-90% 

Skew Between Outputs 
A/A and B/B 



FIGURE 1. Equivalent Circuit 
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DC Test Circuit 



TL/F/9622-3 


FIGURE 2. Terminated Output Voltage and Output Balance 



Note: 


TL/F/9622-4 


The pulse generator has the following characteristics: 

PFIR = 500 kHz, tw = 100 ns, 
tr ^ 5.0 ns, Zq = son. 

Cl includes probe and jig capacitance. 

FIGURE 3. AC Test Circuit and Voltage Waveform 




-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE -°C 


TL/F/9622-6 

FIGURE 4. Typical Delay Characteristics 



3.0 4.0 5.0 6.0 7.0 

SUPPLY VOLTAGE -V 

TL/F/9622-7 

FIGURE 4a 




DS9639A/jiiA9639A 



National 

Semiconductor 


DS9639A//XA9639A 

Dual Differential Line Receiver 


General Description 

The DS9639A/JU.A9639A is a Schottky dual differential line 
receiver which has been specifically designed to satisfy the 
requirements of EIA Standards RS-422, RS-423 and 
RS-232C. in addition, the DS9639A/p,A9639A satisfies the 
requirements of MIL-STD 188-114 and is compatible with 
the International Standard CCITT recommendations. The 
DS9639 A/jliA 9639A is suitable for use as a line receiver in 
digital data systems, using either single ended or differen- 
tial, unipolar or bipolar transmission. It requires a single 5.0V 
power supply and has Schottky TTL compatible outputs. 
The DS9639A/|u,A9639A has an operational input common 
mode range of +7.0V either differentially or to ground. 


Features 

■ Dual channels 

■ Single 5.0V supply 

■ Satisfies EIA Standards RS-422, RS-423 and RS-232C 

■ Built-in ±35 mV hysteresis 

■ High common mode range 

■ High input impedance 

■ TTL compatible output 

■ Schottky technology 


Connection Diagram 


8-Lead DIP 



Top View 

Order Number DS9639ACN/ju.A9639ATC 
See NS Package Number N08E 


TL/F/9623-1 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Storage Temperature Range - 65°C to + 1 75°C 

Operating Temperature Range 0°C to + 70°C 

Lead Temperature 

Molded DIP (soldering, 1 0 sec.) 265°C 

Vcc Lead Potential to Ground -0.5V to + 7.0V 

Input Potential to Ground Lead ± 25V 

Differential Input Voltage ±25V 

Output Differential to Ground Lead -0.5V to 5.5V 


Output Sink Current 50 mA 

Maximum Power Dissipation* at 25°C 
Molded Package 930 mW 

•Derate molded DIP package 7.5 mW/’C above 25°C. 

Recommended Operating 
Conditions 

Min Typ Max Units 

Supply Voltage (Vcc) 4.75 5.0 5.25 V 

Operating Temperature (Ta) 0 25 70 °C 


Electrical Characteristics Over recommended operating temperature and supply voltage ranges, unless other- 
wise specified (Notes 2 & 3) 


Symbol 


Vth 


Parameter 

Conditions (Note 1) 

Differential Input 
Threshold Voltage (Note 5) 

-7.0V ^ Vcm ^ +7.0V 

Differential Input 
Threshold Voltage (Note 6) 

-7.0V ^ Vcm ^ +7.0V 

Input Current (Note 7) 

V| = 10V, OV ^ Vcc ^ 5.5V 
V| = -10V.0V ^ Vcc ^ 5.5V 

Output Voltage LOW 

Iql = 20 mA, Vcc = Min 

Output Voltage HIGH 

Iqh ~ ~1-0mA, Vcc ~ Min 

Output Short Circuit Current (Note 4) 

Vo = OV. Vcc = Max 

Supply Current 

Vcc = Max,V|+ = 0.5V, 
V|- = GND 

Input Hysteresis 

Vcm = ± 7.0V (See Curves) 



Switching Characteristics vcc = sov.ta = 25-c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Propagation Delay Time 
Low to High 

See AC Test Circuit 


55 

85 

ns 

tpHL 

Propagation Delay Time 
High to Low 

See AC Test Circuit 


50 

75 

ns 


Note 1: “Absolute Maximum Ratings” are those vaiues beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 

Note 2: Uniess otherwise specified min/max limits apply across the 0”C to +70”C range for the DS9639A. All typicals are given for Vcc ~ 5V and T/\ = 25”C. 
Note 3: Ail currents into the device pins are positive; all currents out of the device pins are negative. Aii voltages are referenced to ground unless otherwise 
specified. 

Note 4. Only one output at a time should be shorted. 

Note 5: Vqiff (Differential Input Voltage) = (V| + ) - (V|_). Vcm (Common Mode Input Voltage) = V|+ or V|-. 

Note 6: soon ± 1 % in series with inputs. 

Note 7: The input not under test is tied to ground. 
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TL/F/9623-5 

Notes: 

C|_ Includes jig and probe capacitance. 

All diodes are FD700 or equivalent. 

FIGURE 3. AC Test Circuit and Waveforms 



TL/F/9623-6 

V| 

Amplitude: 1.0V 
Offset: 0.5V 
Pulse Width: 500 ns 
PRR: 1 MHz 
tr = tf :S 5.0 ns 

FIGURE 3a 


Typical Applications 


TWISTED PAIR 

+5V OR +5V 



TL/F/9623-7 

Notes: 

Rt S 5011 for RS-422 operation. 

R( combined with input impedance of receivers must be greater than 9011. 

FIGURE 4. RS-422 System Application (FIPS 1020) Differential Simplex Bus Transmission 
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DS96F172/DS96F174 


National preliminary 

Semiconductor 

DS96F172/DS96F174 
RS-485/RS-422 Quad Differential Drivers 

General Description 

The DS96F172 and the DS96F174 are high speed quad 
differential line drivers designed to meet EIA Standard RS- 
485. The DS96F172 and the DS96F174 offer improved per- 
formance due to the use of new, state-of-the-art L-FAST 
bipolar technology. The L-FAST technology allows for high- 
er speeds and lower currents by utilizing extremely short 
gate delay times. Thus, the DS96F172 and the DS96F174 
feature lower power, extended temperature range, improved 
RS-485 specifications, and meet SCSI specifications. 

The DS96F172 and the DS96F174 have TRI-STATE® out- 
puts and are optimized for balanced multipoint data bus 
transmission at rates up to 1 5 Mbps. The drivers have wide 
positive and negative common mode range for multipoint 
applications in noisy environments. Positive and negative 
current-limiting is provided which protects the drivers from 
line fault conditions over a -I- 12V to -7.0V common mode 
range. A thermal shutdown feature is also provided. The 
DS96F172 features an active high and active low Enable, 
common to all four drivers. The DS96F174 features sepa- 
rate active high Enables for each driver pair. 

Compatible RS-485 receivers, transceivers, and repeaters 
are also offered to provide optimum bus performance. The 


respective device types are DS96F173, DS96F175, 
DS36F95, DS96F177 and DS96F178. 

Features 

■ Meets EIA Standard RS-485 and RS-422A 

■ Meets SCSI specifications 

■ Monotonic differential output switching 

■ Transmission rate to 10 Mbps 

■ TRI-STATE outputs 

■ Designed for multipoint bus transmission 

■ Common mode output voltage range; -7.0V to -I- 12V 

■ Operates from single + 5.0V supply 

■ Extended temperature range available 

■ Lower power version 

■ Thermal shutdown protection 

■ DS96F172 and DS96F174 are lead and function com- 
patible with the SN751 72/751 74 or the AM26LS31/ 
MC3487 respectively 



Connection Diagrams 

16-Lead Dual-In-Line Package 
and SO-16 Package 



TL/F/9625-1 



Top View 


TL/F/9625-2 


Order Number DS96F172CJ, DS96F172MJ, 
DS96F174CJ or DS96F174MJ 
See NS Package Number J16A* 

Order Number DS96F172CM or DS96F174CM 
See NS Package Number M16A 

Order Number DS96F172CN or DS96F174CN 
See NS Package Number N16A 

•For most current package information, contact product marketing. 
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Absolute Maximum Ratings (Note i) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Storage Temperature Range 
Ceramic DIP -65°C to + 175“C 

Molded DIP and SO-1 6 -65°Cto +150‘’C 

Lead Temperature 

Ceramic DIP (Soldering, 60 sec.) 300°C 

Molded DIP and SO-1 6 

(Soldering, 10 sec.) 265°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 500 mW 

Molded Package 1040 mW 

SO Package 960 mW 


Supply Voltage 7.0V 

Enable Input Voltage 5.5V 

•Derate cavity package 10 mW/°C above 25“C; derate molded DIP package 
8.3 mW/’C above 25°C; derate SO package 7.7 mW”C above 25°C. 

Recommended Operating 
Conditions 



Min 

Typ 

Max 

Units 

Supply Voltage (Vcc) 





DS96F172C/DS96F174C 

4.75 

5.0 

5.25 


DS96F172M/DS96F174M 

4.50 

5.0 

5.50 

V 

Common Mode 

-7.0 


+ 12.0 

V/ 

Output Voltage (Voc) 



V 

Output Current HIGH (Ioh) 



-60 

mA 

Output Current LOW (Iol) 
Operating Temperature (Ta) 



60 

mA 

DS96F1 72C/DS96F1 74C 

0 

+ 25 

+ 70 

Op 

DS96F172M/DS96F174M 

-55 

+ 25 

+ 125 



Electrical Characteristics Over recommended operating conditions, unless othenvise specified (Notes 2 & 3) 


Symbol 

Parameter 

V|H 

Input Voltage HIGH 

V|L 

Input Voltage LOW 

VOH 

Output Voltage HIGH 

Vql 

Output Voltage LOW 

V|C 

Input Clamp Voltage 

|VoDll 

Differential Output Voltage 

IV0D2I 

Differential Output Voltage 

Vqd 

Differential Output Voltage 

> 

< 

0 

D 

Change in Magnitude of Differential 
Output Voltage (Note 4) 

Vqc 

Common Mode Output Voltage (Note 5) 

> 

< 

0 

0 

Change in Magnitude of Common 
Mode Output Voltage (Note 4) 

lo 

Output Current with Power Off 

loz 

High Impedance State Output Current 

l|H 

Input Current HIGH 

l|L 

Input Current LOW 

los 

Short Circuit Output Current 
(Note 6) 

Icc 

Iccx 

Supply Current (All Drivers) 



Typ 

(Note 1) 


Max Units 


Ta = 0°Cto -l-70°C 


Ta = -55°Cto -M25°C 


lOH = -55mA,Vcc = 5.0 V, 
Ta = +25°Cto -l-70°C 


Iql “ 55 mA 


= -18 mA 


lo = 0 mA 


Rl = 54n, F/ffi/re 1 


Rl = 1 0Ofl, Figure 1 


VcM = -7.0V to +12V 


Rl = 54fl or lOOn, Figure 1 


Ta = 0°Cto +70°C 


Ta = 0°Cto +70°C 


Vcc = OV.Vo = -7.0V to -H 12V 


Vo = -7.0V to + 12V 


V| = 2.4V 


V| = 0.4V 


Vo = -7.0V 


Vo = OV 


Vo = Vcc 


Vo = +12V 


No Load Outputs Enabled 

Outputs Disabled 


±50 jliA 


±50 JU.A 


20 (xA 


-50 I p,A 
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DS96F172/DS96F174 


Symbol 

Parameter 

Conditions 

*DD 

Differential Output Delay Time 

R|_ = 60n, Figure 2 

tTD 

Differential Output Transition Time 


tpLH 

Propagation Delay Time, 
Low-to-High Level Output 

Rl = 27fl, Figures 

tpHL 

Propagation Delay Time, 
High-to-Low Level Output 


tZH 

Output Enable Time to High Level 

Rl = 1 1 0fl, Figure 4 

tZL 

Output Enable Time to Low Level 

Rl = lion, Figures 

tHZ 

Output Disable Time from High Level 

Rl = 1 1 on. Figure 4 

tLZ 

Output Disable Time from Low Level 

Rl = 1 1 on, Figure 5 

fSKEW 

Driver Output to Output 

Rl = son 


Typ 

Max 

Units 

15 

20 

ns 

15 

22 

ns 

12 

16 

ns 

12 

16 

ns 

25 

32 

ns 

25 

32 

ns 

25 

30 

ns 

20 

25 

ns 

1.0 

4.0 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS96F172M/DS96F174M and across the 0°C to 
+ 70°C range for the DS96F172C/DS96F174C. All typicals are given for Vcc = 5V and Ta = 25“C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise 
specified. 

Note 4: a|VodI and A|VqcI are the changes in magnitude of Vqd and Vqc respectively, that occur when the input is changed from a high level to a low level. 
Note 5: In EIA Standards RS-422A and RS-485, VOC, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vqs- 
Note 6; Only one output at a time should be shorted. 


Parameter Measurement Information 


Tl I 

ENABLED J I I 1 

(Note 3) ■==■ 

“ TL/F/9625-3 

FIGURE 1. Differential and Common Mode Output Voltage 





1 

1 

Cl vL-iop, 

_L (Note 2) 

OUT 

50 % 

90%-^d , 

-1— ENABLED 




10%/ 


— (Note 3) 





JT 


FIGURE 2. Differential Output Delay and Transition Times 
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Parameter Measurement Information (Continued) 


2.3V 



IN ^ 

^1.5V 1.5V ^ 

\ 

Y 

OUT 

Vlh 

J 

— ^ 

*PHL 

- 

^2.3V 

r ^ 

Vlh 


- 

Vhl 


^ \ 

OUT 

Z 

^2.3V 


''OL 


OL 

TL/F/9625-7 


FIGURE 3. Propagation Delay Times 




TL/F/9625-10 

FIGURE 5. tzL and tLz 


Note 1; The input pulse is suppiied by a generator having the following characteristics: PRR = 1.0 MHz, duty cycle = 50%, tf ^ 5.0 ns, 
tf S 5.0 ns, Zq = 50(1. 

Note 2: Cl includes probe and jig capacitance. 

Note 3: DS96F172 with active high and active iow Enabies is shown here. DS96F174 has active high Enable only. 

Note 4: To test the active low Enable E of DS96F172 ground E and apply an inverted waveform to E. DS96F174 has active high Enable only. 




DS96F172/DS96F174 


Typical Application 


1/4DS96F172 1/4DS96F174 



The line length should be terminated at both ends in its characteristic impedance. 
Stub lengths off the main line should be kept as short as possible. 


FIGURES 


Function Tables (Each Driver) 


DS96F172 


Input 

Enables 

Outputs 

A 

E 

E 

Y 

z 

H 

H 

X 

H 

L 

L 

H 

X 

L 

H 

H 

X 

L 

H 

L 

L 

X 

L 

L 

H 

X 

L 

H 

Z 

Z 


DS96F174 


Input 

Enable 

Outputs 

Y 

Z 

H 

H 

H 

L 

L 

H 

L 

H 

X 

L 

Z 

Z 


H = High Level 
L = Low Level 


X = Immaterial 
Z = High Impedance (Off) 
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National 

Semiconductor 


DS96172/ju,A96172/DS96174/ju,A96174 
RS-485/RS-422 Quad Differential Line Drivers 


General Description 

The DS96172/fxA96172 and DS96174/jj,A96174 are high 
speed quad differential line drivers designed to meet EIA 
Standard RS-485. The devices have TRI-STATE® outputs 
and are optimized for balanced multipoint data bus trans- 
mission at rates up to 10 Mbps. The drivers have wide posi- 
tive and negative common mode range for multipoint appli- 
cations in noisy environments. Positive and negative cur- 
rent-limiting is provided which protects the drivers from line 
fault conditions over a -M2V to -7.0V common mode 
range. A thermal shutdown feature is also provided and oc- 
curs at junction temperature of approximately 160°C. The 
DS96172//iA96172 features an active high and active low 
Enable, common to all four drivers. The DS96174/p,A96174 
features separate active high Enables for each driver pair. 
Compatible RS-485 receivers, transceivers, and repeaters 
are also offered to provide optimum bus performance. The 
respective device types are DS96173/fiA96173, DS96175/ 
P.A96175, DS96176/;xA96176, DS96177//xA96177 and 
DS96178/p,A96178. 


Features 

■ Meets EIA Standard RS-485 and RS-422A 

■ Monotonic differential output switching 

■ Transmission rate to 10 Mbs 

■ TRI-STATE outputs 

■ Designed for multipoint bus transmission 

■ Common mode output voltage range: -7V to -f 12V 

■ Operates from single -I- 5V supply 

■ Thermal shutdown protection 

■ DS96172//iA96172/DS96174/;iA96174 are lead and 
function compatible with the SN751 72/751 74 or the 
AM26LS31/MC3487 respectively 


Connection Diagrams 


16-Lead DIP 
DS96172//iA96172 



Top View 


16-Lead DIP 
DS96174/jaA96174 



Top View 


Order Number DS96172J, jxA96172DC or DS96174J, p.A96174DC 
See NS Package Number J16A 

Order Number DS96172N, jxA96172PC or DS96174N, juA96174PC 
See NS Package Number N16A 
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DS96172/jxA96172/DS96174/jaA96174 






DS96172/jliA96172/DS96174//xA96174 


Absolute Maximum Ratings (Note i) Recommended Operating 

If MMitary/Aerospace specified devices are required, ConditionS 
contact the Nationai Semiconductor Saies Office/ 

Distributors for avaiiabiiity and specifications. 5^pp,y 

Storage Temperature Range ^ ^ » 

CerLicDIP -65‘Clo +175-C Common Mode Output 

MoldedDIP -65“Cto +150"C Voltage(Voc) 7 

Operating Temperature Range 0°Cto +70“C Output Current HIGH (Iqh) 

Lead Temperature Output Current LOW (Iol) 

Ceramic DIP (soldering, 60 sec.) 300°C Operating Temperature (T^) 0 

Molded DIP (soldering, 1 0 sec.) 265°C 

Supply Voltage 7V 

Enable Input Voltage 5.5V 

Maximum Power Dissipation* 25°C 

Cavity Package 1 500 mW 

Molded Package 1040 mW 

•Derate cavity package 10 mW/°C above 25°C; derate molded DIP package 
8.3 mW/°C above 25'C. 

Electrical Characteristics 

over recommended temperature and supply voltage ranges, unless otherwise specified (Notes 2 and 3) 



Min 

Typ 

Max 

Supply Voltage (Vcc) 

4.75 

5 

5.25 

Common Mode Output 




Voltage (Voc) 

-7 


+ 12 

Output Current HIGH (Ioh) 



-60 

Output Current LOW (Iol) 



60 

Operating Temperature (Ta) 

0 

25 

70 


Conditions 


Iqh = -20 mA 


Iql = 20 mA 


= — 18 mA 


lo = 0 mA 


Symboi 

Parameter 

V|H 

Input Voltage HIGH 

V|L 

Input Voltage LOW 

Vqh 

Output Voltage HIGH 

Vql 

Output Voltage LOW 

V|C 

Input Clamp Voltage 

|VoDll 

Differential Output Voltage 

IV0D21 

Differential Output Voltage 

^|VodI 

Change in Magnitude of Differential 
Output Voltage (Note 4) 

Vqc 

Common Mode Output Voltage (Note 5) 

^IVocI 

Change in Magnitude of Common Mode 
Output Voltage (Note 4) 

Iq 

Output Current with Power Off 

bz 

High Impedance State Output Current 

l|H 

Input Current HIGH 

IlL 

Input Current LOW 

bs 

Short Circuit Output Current 
(Note 6) 

be 

Supply Current (All Drivers) 


Rl = 54ft, Figure la 

1.5 

2 

Rl = 100ft, Figure 1b 

2 

2.3 



Rl = 54fl or 100ft, Figure 1b 


Vcc = OV, Vo = -7.0V to 12V 


Vo= -7.0V to 12V 


V| = 2.7V 


Vi = 0.5V 


Vo = -7.0 V 


Vo = OV 


Vo = Vcc 


Vo = 12V 


No Load 


Outputs Enabled 


Output Disabled 


±0.2 

V 

3 

V 

±0.2 

V 

±100 

jaA 

±200 

jaA 

20 

jliA 

-100 

jaA 

-250 

mA 

-150 

150 


250 

70 

mA 

60 
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Switching Characteristics vcc = sv.ta = 25 °c 


Symbol 

Parameter 

Conditions 

too 

Differential Output Delay Time 

Rl = 60n, Figure 2 

tTD 

Differential Output Transition Time 


tpLH 

Propagation Delay Time, 
Low-to-High Level Output 

Rl = 27ft, Figure 3 

tpHL 

Propagation Delay Time, 
High-to-Low Level Output 


tpZH 

Output Enable Time to High Level 

Rl = 110ft, Figure 4 

tpZL 

Output Enable Time to Low Level 

Rl = 110ft, Figures 

tPHZ 

Output Disable Time from High Level 

Rl = 1 10ft, Figure 4 

tpLZ 

Output Disable Time from Low Level 

Rl = 110ft, Figure 5 


Typ 

Max 

— 

Units 

15 

25 

ns 

15 

25 

ns 

12 

20 

ns 

12 

20 

ns 

30 

45 

ns 

30 

45 

ns 

25 

35 

ns 

30 

45 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 

Note 2; Unless otherwise specified min/max limits apply across the 0°C to + 70“C range for the DS961 72 /aA961 72/DS961 74/aA 961 74. All typicals are given for 
Vcc = 5V and Ta = 25"C. 

Note 3; All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4: A IVqdI and A|Vqc| are the changes in magnitude of Vqd and Vqc respectively, that occur when the input is changed from a high level to a low level. 
Note 5: In EIA Standards RS-422A and RS-485, Vqc, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vqs- 
Note 6: Only one output at a time should be shorted. 


Parameter Measurement Information 


37Sn 



TL/F/9626-3 

FIGURE 1. Differential Output Voltage with 
Varying Common Mode Voltage 



TL/F/9626-4 

FIGURE 1a. Differential and Common Mode 


Output Voltage 
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DS961 72/JHA961 72/DS961 74//XA961 74 












































DS96172/jaA96172/DS96174/jaA96174 


Parameter Measurement Information (Continued) 



TL/F/9626-8 


FIGURE 3. Propagation Delay Times 



TL/F/9626-9 

FIGURE 4. tpzH sriU tpHz 



TL/F/9626-11 

FIGURE 5. tpzL snd tpi y 

Note 1: The input pulse is supplied by a generator having the following characteristics: PRR =1.0 MHz, duty cycle = 50%, tr ^ 5.0 ns, tf 5.0 ns, Zq = 
50a. 

Note 2: includes probe and jig capacitance. 

Note 3: DS96172/p.A96172 with active high and active low Enables is shown here. DS96174/p.A96174 has active high Enable only. 

Note 4: To test the active low Enable 1 of DS96172/^iA96172, ground E and apply an inverted waveform to E. DS96174/p.A96174 has active high Enable 
only. 
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Function Tables 


Input 


H 

L 

X 

H = High Level 
L = Low Level 


DS96172/;xA96172 


Input 

A 

Enables 

Outputs 

E 

E 

Y 

z 

H 


X 

H 

L 

L 



L 

H 

H 



H 

L 

L 



L 

H 

X 

L 

H 

Z 

Z 


Typical Application 


1/4DS96172/mA96172 



Note: The line length should be terminated at both ends in its characteristic impedance. 
Stub lengths off the main line should be kept as short as possible. 
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DS96174/)xA96174 


Enable 

Outputs 

Y 

z 

H 

H 

L 

H 

L 

H 

L 

Z 

Z 


X = Immaterial 
Z = High Impedance (off) 


1/4DS96174//XA96174 



TL/F/9626-13 













DS96F173/DS96F175 


National preliminary 

Semiconductor 

DS96F173/DS96F175 

RS-485/RS-422 Quad Differential Receivers 

General Description 

The DS96F173 and the DS96F175 are high speed quad 
differential line receivers designed to meet EIA Standard 
RS-485. The DS96F173 and the DS96F175 offer improved 
performance due to the use of state-of-the-art L-FAST bipo- 
lar technology. The L-FAST technology allows for higher 
speeds and lower currents by utilizing extremely short gate 
delay times. Thus, the DS96F173 and the DS96F175 fea- 
ture lower power, extended temperature range, improved 
RS-485 specifications, and meet SCSI specifications. 

The DS96F173 and the DS96F175 have TRI-STATE® out- 
puts and are optimized for balanced multipoint data bus 
transmission at rates up to 1 5 Mbps. The receivers feature 
high input impedance, input hysteresis for increased noise 
immunity, and input sensitivity of 200 mV over a common 
mode input volage range of - 1 2V to -1-1 2V. The receivers 
are therefore suitable for multipoint applications in noisy en- 
vironments. The DS96F173 features an active high and ac- 
tive low Enable, common to all four receivers. The 
DS96F175 features separate active high Enables for each 
receiver pair. 

Compatible RS-485 drivers, transceivers, and repeaters are 
also offered to provide optimum bus performance. The re- 


spective device types are DS96F172/DS96F174, DS36F95 
and DS96F177/DS96F178. 

Features 

■ Meets EIA Standard RS-485, RS-422A, RS-423A 

■ Meets SCSI specifications 

■ Designed for multipoint bus applications 

■ TRI-STATE outputs 

■ Common mode input voltage range: -7V to +12V 

■ Operates from single + 5.0V supply 

■ Extended temperature range available 

■ Lower power version 

■ Input sensitivity of ±200 mV over common mode range 

■ Input hysteresis of 50 mV typical 

■ High input impedance 

■ Fail-safe input/output features drive output HIGH when 
input is open 

■ DS96F173 and DS96F175 are lead and function com- 
patible with SN751 73/751 75 or the AM26LS32/ 
MC3486 respectively 



Connection Diagrams 


DS96F173 


16-Lead DIP and SO-16 Package 


R 

■jHH 

m 


a 

■h 



a 

3 

M 

B 


■ 

Lai 


-4A 


-3A 


-3B 



El. 2 


E3,4 


Top View 


Order Number DS96F173CJ, DS96F173MJ, 
DS96F175CJ or DS96F175MJ 
See NS Package Number J16A* 

Order Number DS96F173CM or DS96F175CM 
See NS Package Number M16A 

Order Number DS96F173CN or DS96F175CN 
See NS Package Number N16A 

•For most current package information, contact product marketing. 


Top View 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Storage Temperature Range 
Ceramic DIP - 65°C to + 1 75°C 

Molded DIP and SO-1 6 -65°C to + 150°C 


Lead Temperature 

Ceramic DIP (Soldering, 60 sec.) 300°C 

Molded DIP and SO-1 6 (Soldering, 1 0 sec.) 265°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 500 mW 

Molded Package 1040 mW 

SO Package 960 mW 

Supply Voltage 7.0V 

Input Voltage, A or B Inputs ± 25V 

Differential Input Voltage ± 25V 

Enable Input Voltage 7.0V 

Low Level Output Current 50 mA 


‘Derate cavity package 10 mW/°C above 25°C; derate molded DIP package 
8.3 mW/°C above 25°C; derate SO package 7.7 mW°C above 25°C. 


Recommended Operating 
Conditions 



Min 

Typ 

Max 

Units 

Supply Voltage (Vcc) 
DS96F173C/DS96F175C 

4.75 

5.0 

5.25 

V 

DS96F173M/DS96F175M 

4.50 

5.0 

5.50 

Common Mode 
Input Voltage Vqm 

-7 


+ 12 

V 

Differential Input Voltage 
(Note 2) (V|d) 

-7 


+ 12 

V 

Output Current HIGH (Iqh) 



-400 

jj,A 

Output Current LOW (Iql) 



16 

mA 

Operating Temperature (T/\) 
DS96F173C/DS96F175C 

0 

25 

70 

op 

DS96F173M/DS96F175M 

-55 

25 

125 



Electrical Characteristics over recommended operating conditions, unless otherwise specified (Notes 2, 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vth 

Differential-Input 
High Threshold Voltage 

< 

o 

II 

< 

o 

X 


■ 

0.2 

V 

Vtl 

Differential-Input (Note 4) 
Low Threshold Voltage 

< 

o 

II 

< 

o 

I— 

-0.2 

■ 


V 

Vt+ - Vt- 

Hysteresis (Note 5) 

VCM = OV 


50 


mV 

V|H 

Enable Input Voltage HIGH 


2.0 



V 

V|L 

Enable Input Voltage LOW 




0.8 

V 

V|C 

Enable Input Clamp Voltage 

l| = -18 mA 



-1.5 

V 

VoH 

Output Voltage HIGH 

V|D = 200 mV 
Iqh ~ —400 /xA 

0°C to + 70°C 

2.8 



V 

-55°Cto +125°C 

2.5 



Vql 

Output Voltage LOW 

V|D = -200 mV 

Iql 8.0 mA 



0.45 

V 

Iql = 18 mA 



0.50 

■oz 

High-Impedance State Output 

Vo = 0.4V to 2.4V 



±20 

juA 

ll 

Line Input Current (Note 6) 

Other Input = OV 

V| - 12V 



1.0 

mA 

V| = -7.0V 



-0.8 

l|H 

Enable Input Current HIGH 

V|H = 2.7V 



20 

jliA 

Iil 

Enable Input Current LOW 

V|L = 0.4V 



-100 

/xA 

R| 

Input Resistance 


14 

18 

22 

kil 

Iqs 

Short Circuit Output Current 

(Note 7) 

-15 


-85 

mA 

■cc 

Supply Current 

No Load 

Outputs Enabled 



50 

mA 

Iccx 

Outputs Disabled 



50 
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DS96F173/DS96F175 
































































































DS96F173/DS96F175 


Switching Characteristics vcc = s.ov.ta = 25»c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Propagation Delay Time, 
Low to High Level Output 

V|D = -2.5V to +2.5V, 
Cl = 1 5 pF, Figure 1 

5.0 

15 

22 

ns 

tPHL 

Propagation Delay Time, 
High to Low Level Output 


5.0 

15 

22 

ns 

tZH 

Output Enable Time to High Level 

Cl = 15 pF, Figure 2 


12 

16 

ns 

tZL 

Output Enable Time to Low Level 

Cl = 15 pF, Figured 


13 

18 

ns 

tHZ 

Output Disable Time from High Level 

Cl = 5.0 pF, Figure 2 


14 

20 

ns 

‘LZ 

Output Disable Time from Low Level 

Cl = 5.0 pF, Figure 3 


14 

18 

ns 

hpLH-tpHLl 

— 

Pulse Width Distortion (SKEW) 

Figure 1 


1.0 

3.0 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to impiy that the devices 
shouid be operated at these limits. The tables of “Electrical Characteristics" provide conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55”C to +125°C temperature range the DS96F173M/DS96F175M and across the 0°C to 
+ 70°C range for the DS96F173C/DS96F175C. All typicals are given for Vcc = 5V and T/\ = 25°C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise 
specified. 

Note 4: The algebraic convention, when the less positive (more negative) limit is designated minimum, is used in this data sheet for common mode input voltage 
and threshold voltage levels only. 

Note 5: Hysteresis is the difference between the positive-going input threshold voltage. Vy+ , and the negative going input threshold voltage, Vt_. 

Note 6: Refer to EIA Standards RS-485 for exact conditions. 

Note 7: Only one output at a time should be shorted. 


H = High Level 
L = Low Level 
Z = High Impedance (off) 
X = Immaterial 


(Each Receiver) DS96F175 


Differential Inputs 
A-B 

Enable 

Output 

Y 

V|D ^ 0.2V 

H 

H 

V|D ^ -0.2V 

H 

L 

X 

L 

Z 


Function Tables 


(Each Receiver) DS96F173 


Differential Inputs 

Enables 

Outputs 

A-B 

E E 

V 

V|D > 0.2V 

H X 

X L 

H 

H 

V|D < -0.2V 

H X 

X L 

L 

L 

X 

L H 

Z 
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Parameter Measurement Information 



FIGURE 1. tpLH, tpHL (Note 3) 



TL/F/9627-5 

FIGURE 2. tHz, tzH (Note 3) 



TL/F/9627-7 

FIGURE 3. tzL, ttz (Note 3) 

Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, 50% duty cycle, t, ^ 6.0 ns, t( S 6.0 ns, Zq = 50fl. 
Note 2: C|_ includes probe and stray capacitance. 

Note 3: DS96F173 with active high and active low Enables is shown here. DS96F175 has active high Enable only. 

Note 4: All diodes are 1N916 or equivalent. 

Note 5: To test the active low Enable E of DS96F173, ground E and apply an inverted input waveform to E. DS96F175 has active high enable only. 
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DS96F173/DS96F175 


1/4DS96F174 
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National 

mlA Semiconductor 


DS96173/ju.A96173/DS96175/ju,A96175 
RS-485/RS-422 Quad Differential Line Receivers 


General Description 

The DS96173/fiA96173 and DS96175/jj,A96175 are high 
speed quad differential line receivers designed to meet EIA 
Standard RS-485. The devices have TRI-STATE® outputs 
and are optimized for balanced multipoint data bus trans- 
mission at rates up to 10 Mbps. The receivers feature high 
input impedance, input hysteresis for increased noise immu- 
nity, and input sensitivity of 200 mV over a common mode 
input voltage range of -12V to -M2V. The receivers are 
therefore suitable for multipoint applications in noisy envi- 
ronments. The DS96173/p,A96173 features an active high 
and active low Enable, common to all four receivers. The 
DS96175/p.A96175 features separate active high Enables 
for each receiver pair. Compatible RS-485 drivers, trans- 
ceivers, and repeaters are also offered to provide optimum 
bus performance. The respective device types are 
DS96172/jLiA96172, DS96174//xA96174, DS96176/ 

P.A96176, DS96177//XA96177 and DS96178//xA96178. 


Features 

■ Meets EIA Standard RS-485, RS-422A, RS-423A 

■ Designed for multipoint bus applications 

■ TRI-STATE Outputs 

■ Common mode input voltage range: -7V to -I- 12V 

■ Operates from single -t-5V supply 

■ Input sensitivity of ±200 mV over common mode range 

■ Input hysteresis of 50 mV typical 

■ High input impedance 

■ Fail-safe input/output features drive output HIGH when 
input is open 

■ DS96173/jLiA96173/DS96175/fAA96175 are lead and 
function compatible with SN751 73/751 75 or the 
AM26LS32/MC3486 respectively. 


Connection Diagrams 


16-Lead DIP 
DS96173 //aA96173 


16-Lead DIP 
DS96175/)aA96175 




Order Number DS96173J, /xA96173DC, DS96175J, /xA96175DC 
See NS Package Number J16A* 

Order Number DS96173N, p,A96173PC, DS96175N, /xA96175PC 
See NS Package Number N16A 


•For most current package information, contact product marketing. 
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DS96173/jLiA96173/DS96175/jLiA96175 






DS96173/jaA96173/DS96175//xA96175 


Absolute Maximum Ratings (Note i> 

If Military/ Aerospace specified devices are required, 

contact the National Semiconductor Sales Office/ 

Distributors for availability and specifications. 

Storage Temperature Range 
Ceramic DIP -65°C to + 175°C 

Molded DIP - 65°C to + 1 50“C 

Lead Temperature 

Ceramic DIP (soldering, 60 sec.) 300“C 

Molded DIP (soldering, 10 sec.) 265°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 500 mW 

Molded Package 1 040 mW 

Supply Voltage 7V 

Input Voltage, A or B Inputs ±25V 

Differential Input Voltage ±25V 

Enable Input Voltage 7V 

Low Level Output Current 50 mA 

’Derate cavity package 10 mW/°C above 25”C; derate molded DIP package 
8.3 mW/”C above 25”C. 


Recommended Operating 
Conditions 



Min 

Typ 

Max 

Supply Voltage (Vcc) 

4.75 

5 

5.25 

Common Mode Input 

-7 


+ 12 

Voltage (Vcm) 
Differential Input 

— 7 


+ 12 

Voltage (V|d) 



Output Current High (Iqh) 



-400 

Output Current LOW (Iql) 



16 

Operating Temperature (Ta) 

0 

25 

70 


Electrical Characteristics over recommended temperature, common mode input voltage, and supply voltage 
ranges, unless otherwise specified (Notes 2 & 3) 


Symbol Parameter 


VjH Differential Input 

High Threshold Voltage 


Differential Input (Note 4) 
Low Threshold Voltage 


Vt+ - Vt_ Hysteresis (Note 5) 


V|H Enable Input Voltage HIGH 


Enable Input Voltage LOW 


Enable Input Clamp Voltage 


Output Voltage HIGH 


Output Voltage LOW 


High Impedance State Output 


Line input Current (Note 6) 


Enable Input Current HIGH 


Enable Input Current LOW 


Input Resistance 


Short Circuit Output Current 


Supply Current 


Conditions 


Vo = 2.7V. lo = - 0.4 mA 


Vo = 0.5V, lo = 16 mA 


VcM = OV 



l| = -18 mA 


V|D = 200 mV, loH = -400 juA 


V|o = -200 mV loL = 8 mA 
lOL = 16 mA 


Vo = 0.4V to 2.4V 


Other Input = OV 


V|H = 2.7V 


V|L = 0.4V 


(Note 7) 


V| = 12V 


V| = -7V 



Outputs Disabled 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics” provide conditions for actual device operation. 

Note 2: Uniess othenwise specified Min/Max limits apply across theO’C to +70’C range for the DS96173/)u.A96173/DS96175/nA96175. All typicals are given for 
Vcc = 5V and Ta = 25"C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise 
specified. 

Note 4: The algebraic convention, when the less positive (more negative) limit is designated minimum, is used in this data sheet for common mode input voltage 
and threshold voltage levels only. 

Note 5: Hysteresis is the difference between the positive-going input threshold voltage, Vt+, and the negative going input threshold voltage, Vt_. 

Note 6: Refer to EIA Standards RS-485 for exact conditions. 

Note 7: Only one output at a time shouid be shorted. 
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Switching Characteristics vcc = sv. ta = 25 «c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Propagation Delay Time, 
Low to High Level Output 

V|D = -2.5V to 2.5V, 
Cl = 1 5 pF, Figure 1 


15 

25 

ns 

tpHL 

Propagation Delay Time, 
High to Low Level Output 



15 

25 

ns 

tpZH 

Output Enable Time to High Level 

Cl = 15 pF, Figure 2 


15 

22 

ns 

tpZL 

Output Enable Time to Low Level 

Cl = 1 5 pF, Figure 3 


15 

22 

ns 

tPHZ 

Output Disable Time from High Level 

Cl = 5 pF, Figure 2 


14 

30 

ns 

tpLZ 

Output Disable Time from Low Level 

Cl = 5 pF, Figure 3 


24 

40 

ns 


Function Tables 

(Each Receiver) DS96173/jnA96173 (Each Receiver) DS96175/jLtA96175 


Differential Inputs 
A-B 

Enable 

Output 

Y 

V|D ^ 0.2V 

H 

H 

V|D ^ -0.2V 

H 

L 

X 

L 

Z 


Differential Inputs 

Enables 

Outputs 

A-B 

E E 

V 

V|o > 0.2V 

H X 

H 


X L 

H 

V|D < -0.2V 

H X 

L 


X L 

L 

X 

L H 

Z 


H = High Level 
L = Low Level 
X = Immaterial 
Z = High Impedance (off) 
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DS96173/ju,A96173/DS96175/jaA96175 


Parameter Measurement Information 



TL/F/9628-4 


TL/F/9628-3 

FIGURE 1. tp|.H> tpHL (Note 3) 



TL/F/9628-5 

FIGURE 2. tpH2i ^PZH (Note 3) 



TL/F/9628-7 

FIGURE 3. tpzL, tpLZ (Note 3) 

Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, 50% duty cycle, V ^ 6.0 ns, tf ^ 6.0 ns, Zq = 500. 
Note 2: Cl includes probe and stray capacitance. 

Note 3: DS96173/p,A96173 with active high and active low Enables is shown here. DS96175/p.A96175 has active high Enable only. 

Note 4: All diodes are 1N916 or equivalent. 

Note 5: To test the active low Enable E of DS96173/jiA96173, ground E and apply an inverted input waveform to E. DS96175/nA96175 has active high 
Enable only. 
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Typical Application 

1/4DS96172/M96172 


1/4DS96174/M96174 



FIGURE 4 

Note: The line length should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short as possible. 
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DS96176//XA96176 



National 

Semiconductor 


DS96176/jliA96176 

RS-485/RS-422 Differential Bus Transceiver 


General Description 

The DS96176/fj,A96176 Differential Bus Transceiver is a 
monolithic integrated circuit designed for bidirectional data 
communication on balanced multipoint bus transmission 
lines. The transceiver meets EIA Standard RS-485 as well 
as RS-422A. 

The DS96176/p,A96176 combines a TRI-STATE® differen- 
tial line driver and a differential input line receiver, both of 
which operate from a single 5.0V power supply. The driver 
and receiver have an active Enable that can be externally 
connected to function as a direction control. The driver dif- 
ferential outputs and the receiver differential inputs are in- 
ternally connected to form differential input/output (I/O) bus 
ports that are designed to offer minimum loading to the bus 
whenever the driver is disabled or when Vcc = OV. These 
ports feature wide positive and negative common mode 
voltage ranges, making the device suitable for multipoint ap- 
plications in noisy environments. 

The driver is designed to handle loads up to 60 mA of sink 
or source current. The driver features positive and negative 
current-limiting and thermal shutdown for protection from 
line fault conditions. Thermal shutdown is designed to occur 
at junction temperature of approximately IBO’C. The receiv- 
er features a typical input impedance of 15 kfl, an input 
sensitivity of ±200 mV, and a typical input hysteresis of 
50 mV. 


The DS96176/jLiA96176 can be used in transmission line 
applications employing the DS96172//xA96172 and the 
DS96174//iA96174 quad differential line drivers and the 
DS96173/)xA96173 and DS96175/)uiA96175 quad differen- 
tial line receivers. 

Features 

■ Bidirectional transceiver 

■ Meets EIA Standard RS-422A and RS-485 

■ Designed for multipoint transmission 

■ TRI-STATE driver and receiver enables 

■ Individual driver and receiver enables 

■ Wide positive and negative input/output bus voltage 
ranges 

■ Driver output capability ±60 mA Maximum 

■ Thermal shutdown protection 

■ Driver positive and Negative current-limiting 

■ High impedance receiver input 

■ Receiver input sensitivity of ±200 mV 

■ Receiver input hysteresis of 50 mV typical 

■ Operates from single 5.0V supply 

■ Low power requirements 


Connection Diagram 

8-Lead DIP 



Order Number DS96176J, |mA96176RC 
See NS Package Number J08A* 

Order Number DS96176N, jaA96176TC 
See NS Package Number N08E 


•For most current package information, contact product marketing. 


Function Table 


Driver 


Differential 

Inputs 

Enable 

Outputs 

D 

DE 

A 

B 

H 

H 

H 

L 

L 

H 

L 

H 

X 

L 

Z 

Z 


Receiver 


Differential Inputs 

Enable 

Output 

A-B 

RE 

R 

ViD ^ 0.2V 

L 

H 

V|D ^ -0.2V 

L 

L 

X 

H 

Z 


H = High Level 
L = Low Level 
X = Immaterial 
Z = High Impedance (off) 


1-260 




Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 

contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Storage Temperature Range 
Ceramic DIP -65°C to + 175°C 

Molded DIP -65°C to + 1 50°C 

Lead Temperature 

Ceramic DIP (soldering, 60 sec.) 300°C 

Molded DIP (soldering, 10 sec.) 265°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 300 mW 

Molded Package 930 mW 

Supply Voltage 7.0V 

Differential Input Voltage ± 25V 

Enable Input Voltage 5.5V 

•Derate cavity package 8.7 mW/”C above 25°C; derate molded DIP package 
7.5 mW/"C above 25°C. 


Recommended Operating 
Conditions 


Min 

Typ 

Max 

Units 

Supply Voltage (Vcc) 4.75 

5.0 

5.25 

V 

Voltage at Any Bus Terminal 

(Separately or Common Mode) - 7.0 


12 

V 

Differential Input Voltage (V|q) 


±12 

V 

Output Current HIGH (Iqh) 

Driver 


-60 

mA 

Receiver 


-400 

JU.A 

Output Current LOW (Iql) 

Driver 


60 

mA 

Receiver 


16 

mA 

Operating T emperature (Ta) 0 

25 

70 

*C 


Electrical Characteristics 

Over recommended temperature, common mode input voltage, and supply voltage ranges, unless otherwise specified (Notes 2 
and 3) 

DRIVER SECTION 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input Voltage HIGH 


2.0 



V 

V|L 

Input Voltage LOW 




0.8 

V 

VOH 

Output Voltage HIGH 

Iqh = ~20 mA 


3.1 


V 

VoL 

Output Voltage LOW 

loL = 20 mA 


0.85 


V 

V|C 

Input Clamp Voltage 

ll = —18 mA 



-1.5 

V 

IVoDll 

Differential Output Voltage 

Iq = 0 mA 



6.0 

V 

|V0D2l 

Differential Output Voltage 

Rl_ = 100ft, Figure 1 

2.0 

2.25 


V 

Rl = 54ft, Figure 2 

1.5 

2.0 


a|VodI 

Change in Magnitude of 
Differential Output Voltage (Note 4) 


■ 


±0.2 

V 

Voc 

Common Mode Output Voltage (Note 5) 

Rl = 54ft or 100ft, Figure 1 



3.0 

V 

a|VocI 

Change in Magnitude of 

Common Mode Output Voltage (Note 4) 


■ 

■ 

±0.2 

D 

>0 

Output Current (Note 4) 
(Includes Receiver l|) 

Output Disabled 

Vo = 12V 



1.0 

mA 

Vo = -7.0V 



-0.8 

l|H 

Input Current HIGH 

V| = 2.4V 



20 

p.A 

l|L 

Input Current LOW 

V| = 0.4V 



-100 

jiA 

>os 

Short Circuit Output Current 
(Note 9) 

Vo = -7.0V 



-250 

mA 

Vo = ov 



-150 

< 

o 

ll 

< 

o 

o 



150 

Vo = 12V 



250 

Icc 

Supply Current 

No Load 

Outputs Enabled 



35 

mA 

Outputs Disabled 



40 
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DS96176/ju,A96176 


Electrical Characteristics (Continued) 

Over recommended temperature, common mode input voltage, and supply voltage ranges, unless otherwise specified 


RECEIVER SECTION 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vth 

Differential Input High 
Threshold Voltage 

Vo = 2.7V, lo = -0.4 mA 



0.2 

V 

Vtl 

Differential Input Low 
Threshold Voltage (Note 6) 

Vo = 0.5V, lo = 8.0 mA 

-0.2 

■ 


V 

I 

1- 

> 

1 

+ 

1- 

> 

Hysteresis (Note 7) 

> 

o 

II 


50 


mV 

V|H 

Enable Input Voltage HIGH 


2.0 



V 

V|L 

Enable Input Voltage LOW 




0.8 

V 

V|C 

Enable Input Clamp Voltage 

l| = -18 mA 



-1.5 

V 

VoH 

Output Voltage HIGH 

V|o = 200 mV, loH — —400 juA, 
Figured 

2.7 

■ 


V 

VoL 

Output Voltage LOW 

V|D = -200 mV, 
Figure 3 

lot 8 f 0 mA 



0.45 

B 

lOL ==16 mA 



0.50 

loz 

High Impedance State Output 

Vo = 0.45V to 2.4V 



±20 

jaA 

ll 

Line Input Current (Note 8) 

Other Input = OV 

V| = 12V 



1.0 

mA 

V| = -7.0V 



0.8 

l|H 

Enable Input Current HIGH 

V|H = 2.7V 



20 

fiA 

l|L 

Enable Input Current LOW 

V|L = 0.4V 



-100 

fiA 

Ri 

Input Resistance 


12 

15 


kn 

Iqs 

Short Circuit Output Current 

(Note 9) 

-15 


-85 

mA 

Icc 

Supply Current (Total Package) 

No Load 

Outputs Enabled 

■ 

■ 

40 

mA 

Outputs Disabled 


Driver Switching Characteristics vcc = sv.ta = 25 °c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

bo 

Differential Output Delay Time 

Rl = 60n, Figure 4 


15 

25 

ns 

tTD 

Differential Output Transition Time 

Rl = 60fl, Figure 4 


15 

25 

ns 

tPLH 

Propagation Delay Time, 
Low-to-High Level Output 

Rl = 27D, Figure 5 


12 

20 

ns 

tpHL 

Propagation Delay Time, 
High-to-Low Level Output 

Rl = 27D, Figure 5 


12 

20 

ns 

tpZH 

Output Enable Time to High Level 

Rl = 1 1 on. Figure 6 


25 

35 

ns 

tpZL 

Output Enable Time to Low Level 

Rl = 11 on. Figure 7 


25 

35 

ns 

tPHZ 

Output Disable Time from High Level 

Rl = 110fl, Figures 


20 

25 

ns 

tpLZ 

Output Disable Time from Low Level 

Rl = lion. Figure 7 


29 

35 

ns 
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Receiver Switching Characteristics vcc = s.ov.ta = 25 »c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Propagation Delay Time, 
Low-to-High Level Output 

V|D = OV to 3.0V 
Cl = 1 5 pF, Figure 8 


16 

25 

ns 

tpHL 

Propagation Delay Time, 
High-to-Low Level Output 


16 

25 

ns 

tpZH 

Output Enable Time to High Level 

Cl = 1 5 pF, Figure 9 


15 

22 

ns 

tpZL 

Output Enable Time to Low Level 


15 

22 

ns 

tpHZ 

Output Disable Time from High Level 

Cl = 5.0 pF, Figure 9 


14 

30 

ns 

tPLZ 

Output Disable Time from Low Level 


24 

40 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual operation. 

Note 2: Unless othenvise specified min/max limits apply across the 0°C to +70“C range for the DS96176 /aA 96176. All typicals are given for Vcc 5V and 
Ta = 25“C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4: A|VodI and a|Voc| are the changes in magnitude of Vqd and Vqc, respectively, that occur when the input is changed from a high level to a low level. 
Note 5: In EIA Standards RS-422A and RS-485, Vqc. which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos- 
Note 6: The algebraic convention, where the less positive (more negative) limit is designated minimum, is used in this data sheet for common mode input voltage 
and threshold voltage levels only. 

Note 7: Hysteresis is the difference between the positive-going input threshold voltage Vy+, and the negative-going input threshold voltage, Vj_. 

Note 8: Refer to EIA Standard RS-485 for exact conditions. 

Note 9: Oniy one output at a time should be shorted. 

Parameter Measurement Information 




Common Mode Voltage 
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DS96176/JU.A96176 


Parameter Measurement Information (Continued) 



TL/F/9630-6 


FIGURE 4. Driver Differential Output Delay and Transition Times 



TL/F/9630-8 

FIGURE 5. Driver Propagation Times 



FIGURE 6. Driver Enable and Disable Times (tpzH> tpHz) 



TL/F/9630-11 

FIGURE 7. Driver Enable and Disable Times (tpzL> tpLz) 
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Parameter Measurement Information (Continued) 



TL/F/9630-13 


FIGURE 8. Receiver Propagation Delay Times 



TL/F/9630-15 



TL/F/9630-16 TL/F/9630-17 



TL/F/9630-18 TL/F/9630-19 

FIGURE 9. Receiver Enable and Disable Times 


Note 1: The input pulse is supplied by a generator having the following characteristics; PRR = 1.0 MHz, 50% duty cycle, tr ^ 6.0 ns, Zq = 50fl. 
Note 2: Cl includes probe and stray capacitance. 

Note 3: DS96176/fiA96176 Driver enable is Active-High. 

Note 4: All diodes are 1N916 or equivalent. 




DS96176/jnA96176 


Typical Application 

0S961 76/^961 76 


DS96176//iA96176 




FIGURE 10 


The line length should be terminated at both ends of its characteristic impedance. 
Stub lengths off the main line should be kept as short as possible. 
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National 

Semiconductor 


PRELIMINARY 


DS96F177/DS96F178 

RS-485/RS-422 Differential Bus Repeaters 


General Description 

The DS96F177 and DS96F178 Differential Bus Repeaters 
are monolithic integrated devices, each designed for one- 
way data communications on multipoint bus transmission 
lines. These devices are designed for balanced transmis- 
sion bus line applications and meet EIA Standard RS-485 
and RS-422A. 

The DS96F177 and DS96F178 offer improved performance 
due to the use of state-of-the-art L-FAST bipolar technolo- 
gy. The L-FAST technology allows for higher speeds and 
lower currents by using extremely short gate delay times. 
Thus, the DS96F177 and the DS96F178 feature lower pow- 
er, extended temperature range, improved RS-485 specifi- 
cations, and meet SCSI specifications. 

Each device is designed to improve the performance of the 
data communication over long bus lines. The DS96F177 
and DS96F178 are identical except for the Enable inputs, 
which are complementary. The DS96F177 is an active high 
Enable. The DS96F178 is an active low Enable. These com- 
plementary Enables allow the devices to be used in pairs for 
bidirectional communications. 

The DS96F177 and DS96F178 feature positive and nega- 
tive current limiting and TRI-STATE® outputs for the receiv- 
er and driver. The driver features thermal shutdown for pro- 
tection from line fault conditions. The driver is designed to 
drive current loads up to 60 mA maximum. 


Connection Diagrams 


The DS96F177 and DS96F178 are designed for optimum 
performance when used on transmission buses employing 
the DS96F172 and DS96F174 differential line drivers, 
DS96F173 and DS96F175 differential line receivers, or 
DS36F95 differential bus tranceiver. 

Features 

■ Meets EIA Standard RS-422A and RS-485 

■ Meets SCSI specifications 

■ Designed for multipoint transmission on long bus lines 
in noisy environments 

■ TRI-STATE outputs 

■ Bus voltage range -7.0V to 12V 

■ Positive and negative current limiting 

■ Driver output capability ±60 mA max 

■ Driver thermal shutdown protection 

■ Receiver input high impedance 

■ Receiver input sensitivity of ±200 mV 

■ Receiver input hysteresis of 50 mV typical 

■ Operates from single 5.0V supply 

■ Extended temperature range available 

■ Lower power version 

■ DS96F177 and DS96F178 are lead and function com- 
patible with SN75177 and SN75178 respectively 



8-Lead Dual-ln-Line Package 
and SO-8 Package 

DS96F177 DS96F178 



Order Number DS96F177CJ, Order Number DS96F177CM or Order Number DS96F177CN or 

DS96F177MJ, DS96F178CM DS96F178CN 

DS96F178CJ or DS96F178MJ See NS Package Number M08A See NS Package Number N08E 

See NS Package Number J08A* 


*For most current package information, contact product marketing. 
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DS96F177/DS96F178 


Absolute Maximum Ratings (Note i) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Storage Temperature Range 
Ceramic DIP -65°C to + 1 75°C 

Molded Dl P and SO-8 - 65°C to + 1 50“C 


Lead Temperature 

Ceramic DIP (Soldering, 60 sec.) 300°C 

Molded DIP and SO-8 (Soldering, 1 0 sec.) 265°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 300 mW 

Molded Package 930 mW 

SO Package 810 mW 

Supply Voltage 7.0V 

Input Voltage 5.5V 


'Derate cavity package 8.7 mW/°C above 25”C; derate molded DIP package 
7.5 mW/”C above 25”C; derate SO package 6.5 mW/”C above 25°C. 


Recommended Operating 
Conditions 



Min 

Typ 

Max 

Units 

Supply Voltage (Vcc) 





DS96F1 77C/DS96F1 78C 

4.75 

5.0 

5.25 

V 

DS96F1 77M/DS96F1 78M 

4.50 

5.0 

5.50 

V 

Voltage at Any Bus 





Terminal (V| or Vcm) 
(Separately or Common Mode) 

-7.0 


12 

V 

Differential Input Voltage(ViD) 
(Note 2) 

Output Current HIGH (Iqh) 



±12 

V 

Driver 



-60 

mA 

Receiver 



-400 

JJ.A 

Output Current LOW (Iql) 





Driver 



60 

mA 

Receiver 



16 

Operating Temperature (T^) 





DS96F1 77C/DS96F1 78C 

0 

25 

70 

°C 

DS96F177M/DS96F178M 

-55 

25 

125 

°C 


Driver Eiectrical Characteristics 

Over recommended operation conditions, unless otherwise specified (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input Voltage HIGH 


2.0 



V 

V|L 

Input Voltage LOW 




0.8 

V 

VOH 

Output Voltage HIGH 

Iqh = ~55 mA 

0°Cto +70°C 

3.0 



V 

VoL 

Output Voltage LOW 

Iqh = 55 mA 

0°Cto -f 70°C 



2.0 

V 

V|C 

Input Clamp Voltage 

l| = —18 mA 



-1.3 

V 

IVoDll 

Differential Output Voltage 

io = 0 mA 



6.0 

V 

IV 0 D 2 I 

Differential Output Voltage 

Rl = 1 0Ofl Figure 1 

2.0 

2.25 


V 

R[_ = 54fl Figure 1 

1.5 

2.0 


IVoDsl 

Differential Output Voltage 

VcM = -7.0V to ± 12V 

0°Cto +70°C 

1.5 



V 

^IVqdI 

Change in Magnitude of Differential 
Output Voltage (Note 4) 

Rl = 54ft or 100ft, Figure 1 



±0.2 

V 

Voc 

Common Mode Output Voltage (Note 5) 



3.0 

V 

^|Vocl 

Change in Magnitude of Common 
Mode Output Voltage (Note 4) 



±0.2 

V 

lo 

Output Current with Power Off 

Vcc = OV, Vo = - 7.0V to + 1 2V 



±50 

/liA 

loz 

High impedance State Output Current 

Vo = -7.0V to ± 12V 


±20 

±100 

jaA 

l|H 

Input Current HIGH 

V| = 2.4V 



20 

JU.A 

l|L 

Input Current LOW 

V| = 0.4V 



-50 

fiA 

los 

Short Circuit Output Current 
(Note 9) 

Vo = -7.0 V 



-250 

mA 

Vo = OV 



-150 

< 

0 

11 

< 

0 

0 



150 

Vo = +12V 



250 

Icc 

Supply Current (Total Package) 
1 

No Load 

Outputs Enabled 



28 

mA 

Iccx 

Outputs Disabled 



25 
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Driver Switching Characteristics vcc = s.ov.ta = 2s“c 

Symbol 

Parameter 

J Conditions 

Min 

Typ 

Max 

Units 

Idd 

Differential Output Delay Time 

R[_ = 60fl, Figut 

re 3 

8.0 

15 

20 

ns 

tjD 

Differential Output Transition Time 


8.0 

15 

25 

ns 

tpLH 

Propagation Delay Time 
Low-to-High Level Output 

Rl = 27ft, Figui 

re 4 

6.0 

12 

16 

ns 

tpHL 

Propagation Delay Time, 
High-to-Low Level Output 


6.0 

12 

16 

ns 

tZH 

Output Enable Time to High Level 

Rl = 110ft, Figures 


20 

30 

ns 

tZL 

Output Enable Time to Low Level 

Rl = Figure 6 


25 

35 

ns 

tHZ 

Output Disable Time from High Level 

Rl = 110ft, Figures 


20 

30 

ns 

tLZ 

Output Disable Time from Low Level 

Rl = 110ft, Figures 


20 

30 

ns 

tSKEW 

Driver Output to Output 

Rl = 60ft 


1.0 

4.0 

ns 

Receiver Electrical Characteristics 

Over recommended operating conditions, unless otherwise specified 

Symbol 

Parameter 

Conditions 

Min 

PH 

Max 

Units 

Vth 

Differential Input High Threshold Voltage 

Vo = 2.7V, lo = -0.4 mA 



0.2 

■1 

Vtl 

Differential Input Low Threshold Voltage 
(Note 6) 

Vo = 0.5V, lo = 8.0 mA 

-0.2 



H 

Vt+-Vt- 

Hysteresis (Note 7) 

VcM = ov 

35 

d 


mV 

V|H 

Enable Input Voltage HIGH 


2.0 



V 

Vil 

Enable Input Voltage LOW 




0.8 

V 

Vic 

Enable Input Clamp Voltage 

l| = —18 mA 



-1.3 

V 

VoH 

High Level Output Voltage 

V|D = 200 mV, 
Iqh — —400 JU.A, 
Figure 2 

0°Cto -l-70°C 

2.8 



V 

-55°Cto -l-IZS-C 

2.5 



Vol 

Low Level Output Voltage 

V|D = -200 mV. 
Figure 2 

lOL = 8.0 mA 



0.45 

V 

Iql =16 mA 



0.50 

loz 

High-Impedance State Output 

Vo = 0.4V 



-360 

jiiA 

Vo = 2.4V 



20 

ll 

Line Input Current (Note 8) 

Other Input = OV 

V| = -I-12V 



1.0 

mA 

V| = -7.0V 



-0.8 

l|H 

Enable Input Current HIGH 

V|H = 2.7V 



20 

]uA 

l|L 

Enable Input Current LOW 

V|L = 0.4V 



-50 

)j,A 

Ri 

Input Resistance 


14 

18 

22 

kft 

los 

Short Circuit Output Current 

(Note 9) 

-15 


-85 

mA 

Icc 

Supply Current (Total Package) 

No Load 

Outputs Enable 



28 

mA 

I OCX 

Outputs Disabled 



25 


Function Tables 


DS96F177 


Differential Inputs 

Enable 

1 Outputs 1 

A-B 

E 

T 

Y 

z 

V|D ^ 0.2V 

H 

H 

H 

L 

V|D ^ -0.2V 

H 

L 

L 

H 

X 

L 

Z 

Z 

Z 


H = High Level X = Immaterial 
L = Low Level Z = High Impedance (Off) 


DS96F178 


Differential Inputs 

Enable 

Outputs 

A-B 

E 

T 

Y 

z 

V|D ^ 0.2V 

L 

H 

H 

L 

V|D ^ -0.2V 

L 

L 

L 

H 

X 

H 

Z 

Z 

Z 
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DS96F177/DS96F178 


Receiver Switching Characteristics vcc = s.ov.ta = 25°c 


Conditions 


ViD = OVto +3.0V 
Cl = 1 5 pF, Figure 7 


Cl = 1 5 pF, Figure 8 


Symbol 

Parameter 

tpLH 

Propagation Delay Time, 
Low-to-High Level Output 

tpHL 

Propagation Delay Time, 
High-to-Low Level Output 

tZH 

Output Enable Time to High Level 

tZL 

Output Enable Time to Low Level 

tHZ 

Output Disable Time from High Level 

tLZ 

Output Disable Time from Low Level 

X 

I 

X 

_l 

CL 

Pulse Width Distortion (SKEW) 



Typ 

Max 

Units 

19 

24 

ns 

16 

22 

ns 

10 

16 

ns 

12 

18 

ns 

12 

25 

ns 

12 

18 

ns 

1.0 

4.0 

ns 


Cl = 5.0 pF, Figure 8 


Figure 7 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics" provide conditions for actual device operation. 

Note 2: Unless otherwise specified Min/Max limits apply across the -55”C to + 125°C temperature range for the DS96F177M/DS96F178M and across the 0°C to 
+ 70°C range for the DS96F177C/DS96F178C. All typicals are given for Vcc 5V and T^ = 25°C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4: A|VodI and A|VocI are the changes in magnitude of Vqd. Vqc respectively, that occur when the input is changed from a high level to a low level. 

Note 5: In EIA Standards RS-422A and RS-485, Vqc. which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos- 
Note 6: The algebraic convention, when the less positive (more negative) limit is designated minimum, is used in this data sheet for common mode input voltage 
and threshold voltage levels only. 

Note 7: Hysteresis is the difference between the positive-going input threshold voltage, Vt+, and the negative going input threshold voltage, Vy-. 

Note 8: Refer to EIA Standards RS-485 for exact conditions. 

Note 9: Only one output at a time should be shorted. 


Parameter Measurement Information 



TL/F/9631-3 

FIGURE 1. Driver Vqd 2 and Vqc 



TL/F/9631-5 



TL/F/9631-4 

FIGURE 2. Receiver Vqh and Vql 



TL/F/9631-6 


FIGURE 3. Driver Differential Output Delay and Transition Times 
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Parameter Measurement Information (Continued) 



TUF/9631-8 


FIGURE 4. Driver Propagation Times 




TL/F/9631-11 

FIGURE 6. Driver Enable and Disable Times (tzL> t i 7 ) 



TL/F/9631-13 

FIGURE 7. Receiver Propagation Delay Times 
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DS96F177/DS96F178 



DS96F177/DS96F178 


Parameter Measurement Information (Continued) 



TL/F/9631-15 



TL/F/9631-16 TL/F/9631-17 



TL/F/9631-18 TL/F/9631-19 

FIGURE 8. Receiver Enable and Disable Times 


Note 1: The input pulse is suppiied by a generator having the foilowing characteristics: PRR =1.0 MHz, duty cycle = 50%, tr ^ 6.0 ns, tf s 6.0 ns, Zq = 50n. 
Note 2: Cl includes probe and stray capacitance. 

Note 3: DS96LF178 Enable is active low, DS96LF177 Enable is active high. 

Note 4: All diodes are 1N916 or equivalent. 
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Typical Application 

DS96F177 



Notes: 

The line length should be terminated at both ends in its characteristic impedance. 
Stub lengths off the main line should be kept as short as possible. 

FIGURE 9 
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DS96F177/DS96F178 



DS96177//XA96177 



Nab'onal 

Semiconductor 


DS96177/JU.A96177 

RS-485/RS-422 Differential Bus Repeater 


General Description 

The DS96177 /jaA 96177 Differential Bus Repeater is a 
monolithic integrated device designed for one-way data 
communication on multipoint bus transmission lines. This 
device is designed for balanced transmission bus line appli- 
cations and meets EIA Standard RS-485 and RS-422A. The 
device is designed to improve the performance of the data 
communication over long bus lines. The DS96177/ 
JU.A96177 is an active high Enable. 

The DS96177//nA96177 features positive and negative cur- 
rent limiting and TRI-STATE® outputs for the receiver and 
driver. The receiver features high input impedance, input 
hysteresis for increased noise immunity, and input sensitivi- 
ty of 200 mV over a common mode input voltage range of 
—12V to -t-12V. The driver features thermal shutdown for 
protection from line fault conditions. Thermal shutdown is 
designed to occur at a junction temperature of approximate- 
ly 160°C. The driver is designed to drive current loads up to 
60 mA maximum. 

The DS96177/]LiA96177 is designed for optimum perform- 
ance when used on transmission buses employing the 
DS96172/jaA96172 and DS96174/ju.A96174 differential line 
drivers, DS96173/ju,A96173 and DS96175/jxA96175 differ- 
ential line receivers, or DS96176 /]liA 96176 differential bus 
transceivers. 


Features 

■ Meets EIA Standard RS-422A and RS-485 

■ Designed for multipoint transmission on long bus lines 
in noisy environments 

■ TRI-STATE outputs 

■ Bus voltage range -7.0V to -I- 12V 

■ Positive and negative current limiting 

■ Driver output capability ±60 mA max 

■ Driver thermal shutdown protection 

■ Receiver input high impedance 

■ Receiver input sensitivity of ±200 mV 

■ Receiver input hysteresis of 50 mV typical 

■ Operates from single 5.0V supply 

■ Low power requirements 


Connection Diagram 

8-Lead Dual-ln-Line Package 



BUS 

IN 


BUS 

OUT 


Order Number DS96177J, )liA 96177RC 
See NS Package Number J08A* 
Order Number DS96177N, nA96177TC 
See NS Package Number N08E 


Function Table 


Differential Inputs 

Enable 

Outputs 

A-B 

E 

T 

Y 

Z 

V|D ^ 0.2V 

H 

H 

H 

L 

V|D ^ -0.2V 

H 

L 

L 

H 

X 

L 

Z 

Z 

Z 


H = High Level 
L = Low Level 
X = Immaterial 
Z = High Impedance (off) 


•For most current package information, contact product marketing. 
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Absolute Maximum Ratings (Notei) 

If Militatv/Aerospace specified devices are required, 

contact the Nationai Semiconductor Saies Office/ 

Distributors for avaiiabiiity and specifications. 

Storage Temperature Range 
Ceramic DIP -65°Cto + 175°C 

Molded DIP - 65°C to + 1 50°C 

Lead Temperature 

Ceramic DIP (Soldering, 60 sec.) 300°C 

Molded DIP (Soldering, 10 sec.) 265°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 300 mW 

Molded Package 930 mW 

Supply Voltage 7.0V 

Input Voltage 5.5V 

•Derate cavity package 8.7 mW/°C above 25°C; derate molded DIP package 
7.5 mW/°C above 25°C. 


Recommended Operating 
Conditions 


Min 

Typ 

Max 

Units 

Supply Voltage (Vcc) 4.75 

Voltage at any Bus Terminal 

5.0 

5.25 

V 

(Separately or Common - 7.0 

Mode) (V| or Vcm) 


12 

V 

Differential Input Voltage 
(V|d) 

Output Current HIGH (Iqh) 


±12 

V 

Driver 


-60 

mA 

Receiver 

Output Current LOW (Iql) 


-400 

JU.A 

Driver 


60 

mA 

Receiver 


16 

Operating Temperature (T^) 0 

25 

70 

°C 


Electrical Characteristics Over recommended temperature, common mode input voltage, and supply voltage 
ranges, unless otherwise specified (Notes 2 and 3) 

DRIVER SECTION 


Symboi 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input Voltage HIGH 


2.0 



V 

V|L 

Input Voltage LOW 




0.8 

V 

V|C 

Input Clamp Voltage 

l| = -18 mA 



-1.5 

V 

IVoDll 

Differential Output Voltage 

Iq = 0 mA 



6.0 

V 

IV 0 D 2 I 

Differential Output Voltage 

Rl = 100ft, Figure 2 

2.0 

2.25 


V 

R[_ = 54ft, Figure 1 

1.5 

2.0 


a|VodI 

Change in Magnitude of Differential 
Output Voltage (Note 4) 

Rl = 54ft or 100ft, Figure 1 



±0.2 

V 

Voc 

Common Mode Output Voltage (Note 5) 



3.0 

V 

^|Vocl 

Change in Magnitude of Common Mode 
Output Voltage (Note 4) 



±0.2 

V 

lo 

Output Current with Power Off 

Vcc = OV, Vo = -7.0V to + 12V 



±100 

fiA 

>02 

High Impedance State Output Current 

Vo = -7.0Vto -M2V 


±50 

±200 

/xA 

l|H 

Input Current HIGH 

V| = 2.7V 



20 

/xA 

l|L 

Input Current LOW 

V| = 0.5V 



-100 

IxA 

los 

Short Circuit Output Current 
(Note 9) 

Vo = -7.0 V 



-250 

mA 

> 

0 

II 

0 

> 



-150 

< 

0 

II 

< 

0 

0 



150 

Vo = 12V 



250 

Icc 

Supply Current 



No Load 

Outputs Enabled 



35 

mA 

Outputs Disabled 



40 


RECEIVER SECTION 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vth 

Differential Input 
High Threshold Voltage 

Vo = 2.7V, lo = -0.4 mA 



0.2 

V 

Vtl 

Differential Input Low 
Threshold Voltage (Note 6) 

Vo = 0.5V, lo = 8.0 mA 

-0.2 



V 

1 

H 

> 

1 

+ 

1- 

> 

Hysteresis (Note 7) 

Vcm = OV 


50 


mV 

V|H 

Enable Input Voltage HIGH 


2.0 



V 

V|L 

Enable Input Voltage LOW 




0.8 

V 

V|C 

Enable Input Clamp Voltage 

l| = -18 mA 



-1.5 

V 
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DS96177/jnA96177 


Electrical Characteristics (Continued) 

Over recommended temperature, common mode input voltage, and supply voltage ranges, unless othenwise specified 


RECEIVER SECTION (Continued) 


Symbol 


Vqh 


Parameter 


High Level Output Voltage 


Low Level Output Voltage 


High-Impedance State Output 


Line Input Current (Note 8) 


Conditions 


V|Q = 200 mV, Iqh = -400 jaA, Figure 
3 


V|D = -200 mV, 1 loL = 8.0 mA 


Max Units 


Iql = 16 mA 


Figure 3 


Vo = 0.4V 


Vo = 2.4V 


Other Input = OV | V| = 12V 


V| = -7.0V 


Enable Input Current HIGH V|h = 2.7V 


Enable Input Current LOW V|l = 0.4V 


Input Resistance 


Short Circuit Output Current (Note 9) 


Supply Current (Total Package) No Load 


Outputs Enabled 


Outputs Disabled 



Drive Switching Characteristics vcc = s.ov.ta = 25 °c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

too 

Differential Output Delay Time 

Rl = 60ft, Figure 4 


15 

25 

ns 

Itd 

Differential Output T ransition Time 

Rl = 60ft, Figure 4 


15 

25 

ns 

IPLH 

Propagation Delay Time, 
Low-to-High Level Output 

Rl = 27ft, Figure 5 


12 

20 

ns 

IPHL 

Propagation Delay Time, 
High-to-Low Level Output 

Rl = 27ft, Figure 5 


12 

20 

ns 

IPZH 

Output Enable Time to High Level 

Rl = 110ft, Figure 6 


25 

45 

ns 

IPZL 

Output Enable Time to Low Level 

Rl = 110ft, Figure 7 


25 

40 

ns 

IPHZ 

Output Disable Time from High Level 

Rl = 110ft, Figured 


20 

25 

ns 

IPLZ 

Output Disable Time from Low Level 

Rl = 110ft, Figure 7 


29 

35 

ns 


Receiver Switching Characteristics vcc = 5 ov,ta = 25 c 


Symbol 

Parameter 

Conditions 

IPLH 

Propagation Delay Time, 
Low-to-High Level Output 

V|D = OV to 3.0V, 

Cl = 1 5 pF, Figure 8 

tpHL 

Propagation Delay Time, 
High-to-Low Level Output 


tpZH 

Output Enable Time to High Level 

Cl = 15 pF, Figure 9 

tpZL 

Output Enable Time to Low Level 


IPHZ 

Output Disable Time from High Level 

Cl = 5.0 pF, Figure 9 

IPLZ 

Output Disable Time from Low Level 



Typ 

Max 

Units 

16 

25 

ns 

16 

25 

ns 

15 

22 

ns 

15 

22 

ns 

14 

30 

ns 

24 

40 

ns 
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Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics" provide conditions for actual device operation. 

Note 2: Unless otherwise specified Min/Max limits apply across the 0°C to +70°C range for the DS96177/jxA96177. All typicals are given for Vec = 5V and 
Ta = 25°C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless othenwise 
specified. 

Note 4: A|VodI and A|VocI are the changes in magnitude ef Vqd, Vqc respectively, that occur when the input is changed from a high level to a low level. 

Note 5: In EIA Standards RS-422A and RS-485, Vqc. which is the average of the two output voltages with respect to ground, is called output offset voltage, Vqs- 
Note 6: The algebraic convention, when the less positive (more negative) limit is designated minimum, is used in this data sheet for common mode input voltage 
and threshold voltage levels only. 

Note 7: Hysteresis is the difference between the positive-going input threshold voltage, Vt+. and the negative going input threshold voltage, Vj_. 

Note 8: Refer to EIA Standards RS-485 for exact conditions. 

Note 9: Only one output at a time should be shorted. 

Parameter Measurement Information 




FIGURE 1. Driver Vod 2 and Vqc 


FIGURE 2. Driver Vqd 2 with Varying 
Common Mode Voltage 


VoL ©f'oL VoH ©t'OH 


FIGURE 3. Receiver Vqh and Vql 



r 

GENERATOR 
(Note 1) 

"1 

< 

< 

H 

— 

> 5oa 


— > 60il I 


C, ^ C|_=t5pF 
I (Note 2) 


/ 

^ 1.5V 1.5Y 




*DD 

*\ *DD K 

3 '-90% 

90%\ 

50%, f 

\50% 


1^«-2.5V 

tr^ L 

-J l**-tTD 


FIGURE 4. Driver Differential Output Delay and Transition Times 


GENERATOR 
(Note 1) 


I ENABLED 

— (Note 3) 


^ Cl = 15pF 
I (Note 2) 


FIGURE 5. Drive Propagation Times 
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s 

- 

|*~*PHL 

y ' 

j^2.3V 

V , 

- - 


^^2.3V 



VoL 

TL/F/9644-8 


DS96177//XA96177 



DS96177//XA96177 


Parameter Measurement Information (Continued) 


L = 50pFq' |RL = 110fl 
(Note 2) ^ ^ 



GENERATOR 
(Note 1) 


FIGURE 6. Driver Enable and Disable Times (tpzHi tpHz) 


; RL = t00il 



C|_ = 50pF 'T 
(Note 2) ^ 


GENERATOR 
(Note 1) 


FIGURE 7. Driver Enable and Disable Times (tpzt> tptz) 


GENERATOR > 
(Note 1) 


IN -/-1.5V 1.5V ■ 


Cl=15pF~ 
(Note 2) 



FIGURE 8. Receiver Propagation Delay Times 
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Parameter Measurement Information (Continued) 



TL/F/9644-16 TL/F/9644-17 



TL/F/9644-18 TL/F/9644-19 

FIGURE 9. Receiver Enable and Disable Times 


Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, duty cycle ~ 50%, t^ <: 6.0 ns, t( ^ 6.0 ns, Zq = 5011. 
Note 2: Cl includes probe and stray capacitance. 

Note 3: DS96178/fiA96178 Enable is active low, DS96177/nA96177 Enable is active high. 

Note 4: All diodes are 1N916 or equivalent. 
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DS96177/jnA96177 


Typical Application 


0S96177/;iA96177 



Notes: 

The line length should be terminated at both ends in its characteristic impedance. 
Stub lengths off the main line should be kept as short as possible. 


FIGURE 10 
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National 
Semiconductor 

MM78C29/MM88C29 Quad Single-Ended Line Driver 
MM78C30/MM88C30 Dual Differential Line Driver 

General Description 

The MM78C30/MM88C30 is a dual differential line driver 
that also performs the dual four-input NAND or dual four-in- 
put AND function. The absence of a clamp diode to Vcc in 
the input protection circuitry of the MM78C30/MM88C30 al- 
lows a CMOS user to interface systems operating at differ- 
ent voltage levels. Thus, a CMOS digital signal source can 
operate at a Vcc voltage greater than the Vcc voltage of 
the MM78C30 line driver. The differential output of the 
MM78C30/MM88C30 eliminates ground-loop errors. 


The MM78C29/MM88C29 is a non-inverting single-wire 
transmission line driver. Since the output ON resistance is a 
low 20fl typ., the device can be used to drive lamps, relays, 
solenoids, and clock lines, besides driving data lines. 

Features 

■ Wide supply voltage range 3V to 15V 

■ High noise immunity 0.45 Vcc (tyP-) 

■ Low output ON resistance 20fl (typ.) 



Logic Diagrams 


1/4 MM78C29/MM88C29 

Vcc 




AND 

OUTPUT 


NAND 

OUTPUT 


TL/F/5908-2 
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MM78C29/MM88C29/MM78C30/MM88C30 






MM78C29/MM88C29/MM78C30/MM88C30 


Absolute Maximum Ratings (Notei) 





If Military /Aerospace specified devices are required, Operating Vcc Range 


3Vto15V 

contact the National Semiconductor Saies Office/ Ah<;nliitn Mayimnm Vpp 



18V 

Distributors for avaiiability and specifications. 0^ 



VoltageatAny Pin (Note 1) -0.3V to Vcc + 16V MM78C30/MM88C30 



50 mA 

Operating Temperature Range 

MM78C29/MM88C29 



25 mA 

MM78C29/MM78C30 55°Cto+125°C Maximum Junction Temperature, Ti 


150‘“C 

MM88C29/MM88C30 -40»Cto +85«C ^ead Temperature 




Storage Temperature -65“C to -t- 150°C (Soldering, 10 seconds) 


260°C 

Power Dissipation (Pq) 






Dual-ln-Line 

700 mW 





Small Outline 

500 mW 





DC ElSCtriCSl Chsrsctoristics Min/Max limits apply across temperature range unless otherwise noted 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

CMOS TO CMOS 

V|N(1) 

Logical “1” Input Voltage 

< 

o 

o 

II 

cn 

< 

3.5 



V 



< 

o 

o 

II 

o 

< 

8 



V 

VlN(O) 

Logical “0" Input Voltage 

Vcc = 5V 



1.5 

V 



Vcc = 10V 



2 

V 

l|N(1) 

Logical "1” Input Current 

Vcc = 15 V.V,n = 15V 


0.005 

1 

fiA 

l|N(0) 

Logical “0” Input Current 

Vcc= 15 V.V|n = 0V 

-1 

-0.005 


jliA 

Icc 

Supply Current 

Vcc = 5V 


0.05 

100 

mA 

OUTPUT DRIVE 

■source 

Output Source Current 




mn 



MM78C29/MM78C30 

VoUT = Vcc — 1 -6V, 
Vcc ^ 4.5V, Tj = 25'C 

-57 

H 


mA 



Tj = 125»C 

-32 



mA 


MM88C29/MM88C30 

VouT = Vcc - 1.6V, 
Vcc ^ 4.75V, Tj = 25'’C 

-47 

n 

WM 

mA 



Tj = 85°C 

-32 



mA 


MM78C29/MM88C29 

VouT = Vcc - 0.8V 

-2 

-20 


mA 


MM78C30/MM88C30 

Vcc 2: 4.5V 



■sink 

Output Sink Current 







MM78C29/MM78C30 

VoUT = 0.4V, Vcc 4.5V, 
Tj = 25°C 

11 

20 


mA 



Tj = 125°C 

8 

14 


mA 



VoUT = 0.4V, Vcc = 1 0V, 
Tj = 25°C 

22 

40 


mA 



Tj = 125’C 

16 

28 


mA 


MM88C29/MM88C30 

VoUT “ 0.4V, Vcc ~ 4.75V, 
Tj = 25'’C 

9.5 

22 


mA 



Tj = 85'’C 

8 

18 


mA 



VouT = 0.4V, Vcc = 10V, 
Tj = 25'’C 

19 

40 


mA 



Tj = 125°C 

15.5 

33 


mA 

■source 

Output Source Resistance 







MM78C29/MM78C30 

VoUT = Vcc ~ 1 .6V, 
Vcc ^ 4.5V, Tj = 25°C 


20 

28 

n 



Tj = 125'’C 


32 

50 

n 


MM88C29/MM88C30 

VoUT = Vcc “ 1.6V, 
Vcc ^ 4.75V. Tj = 25°C 


n 

n 

n 



Tj = 85°C 



■■ 

n 
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DC Electrical Characteristics 

Min/Max limits apply across temperature range, unless otherwise noted (Continued) 


Symbol 


OUTPUT DRIVE (Continued) 


ISINK 


Parameter 

Conditions 

Min 

Typ 

Max I 


Output Sink Resistance 
MM78C29/MM78C30 


MM88C29/MM88C30 


VouT ~ 0.4V, Vcc ~ 4.50V, 
Ti = 25°C 


Vqut = 0.4V, Vcc = 10 V, 
Tj = 25°C 
Tj = 125°C 


Vqut = 0.4V, Vcc = 4.75V, 
Ti = 25°C 


Vqut = 0.4V, Vcc = 10V, 
Tj = 25°C 
Ti = 85°C 



Output Resistance 
Temperature Coefficient 
Source 
Sink 


Thermal Resistance 
MM78C29/MM78C30 
(D-Package) 


MM88C29/MM88C30 

(N-Package) 


AC Electrical Characteristics^ 




Symbol 

Parameter 

Ipd 

Propagation Delay Time to 
Logical “1” or “0” 
MM78C29/MM88C29 


MM78C30/MM88C30 

tpd 

Differential Propagation Delay 
Time to Logical “1 ” or “0” 
MM78C30/MM88C30 

C|N 

Input Capacitance 
MM78C29/MM88C29 
MM78C30/MM88C30 

CpD 

Power Dissipation Capacitance 
MM78C29/MM88C29 
MM78C30/MM88C30 


Ta = 25 °c, Cl = 50 pF 


Conditions 


(See Figure 2) 
Vcc = 5V 
Vcc = 10V 


Vcc = 5V 
Vcc = 10V 


Rl = icon. Cl = 5000pF 
(See Figure 1) 

Vcc = 5V 
Vcc = 10V 



•AC Parameters are guaranteed by DC correlated testing. 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: CpQ determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note 
AN-90. 
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MM78C29/MM88C29/MM78C30/MM88C30 







































































MM78C29/MM88C29/MM78C30/MM88C30 


Connection Diagrams 

Dual-In-Line Package 
MM78C30/MM88C30 


Dual-ln-Line Package 
MM78C29/MM88C29 



TL/F/5908-3 

Top View 

Order Number MM78C29* or MM88C29* 


B AND B NAND 



OUT OUT 

TL/F/5908-4 

Top View 

Order Number MM78C30J* or MM88C30J* 


•Please look into Section 8, Appendix D for availability of various package types. 


Typical Performance Characteristics 


MM78C29/MM88C29 
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MM78C30/MM88C30 
Typical Propagation Delay vs 
Load Capacitance 
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AC Test Circuits 


INPUTS 


Vcc 




INPUTS 




FIGURE 2 


Typical Applications 

Digital Data Transmission 


Cl 

0.01 nF 
(NOTE 1) 



Note 3: Vcc to 4.5V to 5.5V for the DS7820. 




MM78C29/MM88C29/MM78C30/MM88C30 




Note1:Vcc's3Vto15V 


TL/F/5908-12 



Note 1: The transmission line used was #22 gauge unshielded twisted pair (40k 
termination). 

Note 2: The curves generated assume that both drivers are driving equal lines, 
and that the maximum power is 500 mW/package. 
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Integrated Circuits for 
Digital Data Transmission 

INTRODUCTION 

It is frequently necessary to transmit digital data in a high- 
noise environment where ordinary integrated logic circuits 
cannot be used because they do not have sufficient noise 
immunity. One solution to this problem, of course, is to use 
high-noise-immunity logic. In many cases, this approach 
would require worst case logic swings of 30V, requiring high 
power-supply voltages. Further, considerable power would 
be needed to transmit these voltage levels at high speed. 
This is especially true if the lines must be terminated to 
eliminate reflections, since practical transmission lines have 
a low characteristic impedance. 

A much better solution is to convert the ground referred 
digital data at the transmission end into a differential signal 
and transmit this down a balanced, twisted-pair line. At the 
receiving end, any induced noise, or voltage due to ground- 
loop currents, appears equally on both ends of the twisted- 
pair line. Hence, a receiver which responds only to the dif- 
ferential signal from the line will reject the undesired signals 
even with moderate voltage swings from the transmitter. 
Figure 1 illustrates this situation more clearly. When ground 
is used as a signal return as in Figure 1a, the voltage seen 
at the receiving end will be the output voltage of the trans- 
mitter plus any noise voltage induced in the signal line. 


National Semiconductor 
Application Note 22 



Hence, the noise immunity of the transmitter-receiver com- 
bination must be equal to the maximum expected noise 
from both sources. 

The differential transmission scheme diagrammed in Figure 
1b solves this problem. Any ground noise or voltage in- 
duced on the transmission lines will appear equally on both 
inputs of the receiver. The receiver responds only to the 
differential signal coming out of the twisted-pair line and de- 
livers a single-ended output signal referred to the ground at 
the receiving end. Therefore, extremely high noise immuni- 
ties are not needed; and the transmitter and receiver can be 
operated from the same supplies as standard integrated 
logic circuits. 

This article describes the operation and use of a line driver 
and line receiver for transmission systems using twisted-pair 
lines. The transmitter provides a buffered differential output 
from a DTL or TTL input signal. A four-input gate is included 
on the input so that the circuit can also perform logic. The 
receiver detects a zero crossing in the differential input volt- 
age and can directly drive DTL or TTL integrated circuits at 
the receiving end. It also has strobe capability to blank out 
unwanted input signals. Both the transmitter and the receiv- 
er incorporate two independent units on a single silicon 
chip. 


DATA 

INPUT 


/77 

GROUND A 


INDUCED 


LINE 

NOISE 
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TRANSMITTER 


RECEIVER 




GROUND 

NOISE 


OUTPUT 


GROUND B 


a. Single-Ended System 


TL/F/7188-1 


INDUCED 

NOISE 



DATA 

OUTPUT 


TL/F/7188-2 


b. Difference System 

FIGURE 1. Comparing Differential and Singie-Ended Data Transmission 
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LINE DRIVER 

Figure 2 shows a schematic diagram of the line transmitter. 
The circuit has a marked resembiance to a standard TTL 
buffer, in fact, it is possibie to use a standard dual buffer as 
a transmitter. However, the DS7830 incorporates additional 
features. For one, the output is current limited to protect the 
driver from accidental shorts in the transmission lines. Sec- 
ondly, diodes on the output clamp sever voltage transients 
that may be induced into the transmission lines. Finally, the 
circuit has internal inversion to produce a differential output 
signal, reducing the skew between the outputs and making 
the output state independent of loading. 

As can be seen from the upper half of Figure 2, a quadruple- 
emitter input transistor, Q9, provides four logic inputs to the 
transmitter. This transistor drives the inverter stage formed 
by Q10 and Q11 to give a NAND output. A low state logic 
input on any of the emitters of Q9 will cause the base drive 
to be removed from Q10, since Q9 will be saturated by cur- 
rent from R8, holding the base of Q10 near ground. Hence, 


Q10 and Q11 will be turned off; and the output will be in a 
high state. When all the emitters of Q9 are at a one logic 
level, Q10 receives base drive from R8 through the forward 
biased collector-base junction of Q9. This saturates Q10 
and also Q1 1 , giving a low output state. The input voltage at 
which the transition occurs is equal to the sum of the emit- 
ter-base turn on voltages of Q10 and Q1 1 minus the satura- 
tion voltage of Q9. This is about 1 .4V at 25°C. 

A standard “totem-pole” arrangement is used on the output 
stage. When the output is switched to the high state, with 
Q10 and Q11 cut off, current is supplied to the load by Q13 
and Q14 which are connected in a modified Darlington con- 
figuration. Because of the high compound current gain of 
these transistors, the output resistance is quite low and a 
large load current can be supplied. RIO is included across 
the emitter-base junction of Q13 both to drain off any collec- 
tor-base leakage current in Q13 and to discharge the collec- 
tor-base capacitance of Q13 when the output is switched to 



TL/F/7188-3 


FIGURE 2. Schematic Diagram of the DS7830 Line Driver 
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the low state. In the high state, the output level is approxi- 
mately two diode drops below the positive supply, or roughly 
3.6V at 25°C with a 5.0V supply. 

With the output switched into the low state, Q10 saturates, 
holding the base of Q14 about one diode drop above 
ground. This cuts off Q13. Further, both the base current 
and the collector current of Q10 are driven into the base of 
Q11 saturating it and giving a low-state output of about 
0.1V. The circuit is designed so that the base of Q11 is 
supplied 6 mA, so the collector can drive considerable load 
current before it is pulled out of saturation. 

The primary purpose of R12 is to provide current to remove 
the stored charge in Q1 1 and charge its collector-base ca- 
pacitance when the circuit is switched to the high state. Its 
value is also made less than R9 to prevent supply current 
transients which might otherwise occur* when the power 
supply is coming up to voltage. 

The lower half of the transmitter in Figure 2 is identical to 
the upper, except that an inverter stage has been added. 
This is needed so that an input signal which drives the out- 
put of the upper half positive will drive the lower half nega- 
tive, and vice versa, producing a differential output signal. 
Transistors Q2 and Q3 produce the inversion. Even though 
the current gain is not necessarily needed, the modified Dar- 
lington connection is used to produce the proper logic tran- 
sition voltage on the input of the transmitter. Because of the 
low load capacitance that the inverter sees when it is com- 
pletely within the integrated circuit, it is extremely fast, with 
a typical delay of 3 ns. This minimizes the skew between the 
outputs. 

One of the schemes used when dual buffers are employed 
as a differential line driver is to obtain the NAND output in 
the normal fashion and provide the AND output by connect- 
ing the input of the second buffer to the NAND output. Using 
an internal Inverter has some distinct advantages over this: 
for one, capacitive loads which slow down the response of 
the NAND output will not Introduce a time skew between the 
two outputs: secondly, line transients on the NAND output 
will not cause an unwanted change of state on the AND 
output. 

Clamp diodes, D1 through D4, are added on all inputs to 
clamp undershoot. This undershoot and ringing can occur in 
TTL systems because the rise and fall times are extremely 
short. 

Output-current limiting is provided by adding a resistor and 
transistor to each of the complementary outputs. Referring 
again to Figure 2, when the current on the NAND output 
increases to a value where the voltage drop across R11 is 
sufficient to turn on Q12, the short circuit protection comes 
into effect. This happens because further increases in out- 
put current flow into the base of Q12 causing it to remove 
base drive from Q14 and, therefore, Q13. Any substantial 
increase in output current will then cause the output voltage 
to collapse to zero. Since the magnitude of the short circuit 
depends on the emitter base turn-on voltage of Q12, this 
current has a negative temperature coefficient. As the chip 
temperature increases from power dissipation, the available 
short circuit current is reduced. The current limiting also 
serves to control the current transient that occurs when the 
output is going through a transition with both Q11 and Q13 
turned on. 

•J. Kalb, “Design Considerations for a TTL Gate”, Natior)a! Semiconductor 
TP-6, May, 1968. 


The AND output is similarly protected by R6 and Q5, which 
limits the maximum output current to about 100 mA, pre- 
venting damage to the circuit from shorts between the out- 
puts and ground. 

The current limiting transistors also serve to increase the 
low state output current capability under severe transient 
conditions. For example, when the current into the NAND 
output becomes so high as to pull Q1 1 out of saturation, the 
output voltage will rise to two diode drops above ground. At 
this voltage, the collector-base junction of Q12 becomes 
fonvard biased and supplies additional base drive to Q1 1 
through Q10 which is saturated. This minimizes any further 
increase in output voltage. 

When either of the outputs are in the high state, they can 
drive a large current towards ground without a significant 
change in output voltage. However, noise induced on the 
transmission line which tries to drive the output positive will 
cut it off since it cannot sink current in this state. For this 
reason, D6 and D8 are included to clamp the output and 
keep it from being driven much above the supply voltage, as 
this could damage the circuit. 

When the output is in a low state, it can sink a lot of current 
to clamp positive-going induced voltages on the transmis- 
sion line. However, it cannot source enough current to elimi- 
nate negative-going transients so D5 and D7 are included to 
clamp those voltages to ground. 

It is interesting to note that the voltage swing produced on 
one of the outputs when the clamp diodes go into conduc- 
tion actually increases the differential noise immunity. For 
example with no induced common mode current, the low- 
state output will be a saturation voltage above ground while 
the high output will be two diode drops below the positive 
supply voltage. With positive-going common mode noise on 
the line, the low output remains in saturation; and the high 
output is clamped at a diode drop above the positive supply. 
Hence, in this case, the common mode noise increases the 
differential swing by three diode drops. 



0 25 50 75 100 125 150 


OUTPUT SOURCE CURRENT (mA) 


TL/F/7188-4 

FIGURE 3. High State Output Voltage 
as a Function of Output Current 

Having explained the operation of the line driver, it is appro- 
priate to look at the performance in more detail. Figure 3 
shows the high-state output characteristics under load. 
Over the normal range of output currents, the output resist- 
ance is about ion. With higher output currents, the short 
circuit protection is activated, causing the output voltage to 
drop to zero. As can be seen from the figure, the short-cir- 
cuit current decreases at higher temperatures to minimize 
the possibility of over-heating the integrated circuit. 
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OUTPUT SINK CURRENT (mA) 

TL/F/7188-5 

FIGURE 4. Low-State Output Current as a 
Function of Output Current 

Figure 4 is a similar graph of the low-state output character- 
istics. Here, the output resistance is about 5fl with normal 
values of output current. With larger currents, the output 
transistor is pulled out of saturation; and the output voltage 
increases. This is more pronounced at -55°C where the 
transistor current gain is the lowest. However, when the out- 
put voltage rises about two diode drops above ground, the 
collector-base junction of the current-limit transistor be- 
comes forward biased, providing additional base drive for 
the output transistor. This roughly doubles the current avail- 
able for clamping positive common-mode transients on the 
twisted-pair line. It is interesting to note that even though 
the output level increases to about 2V under this condition, 
the differential noise immunity does not suffer because the 
high-state output also increases by about 3V with positive 
going common-mode transients. 

It is clear from the figure that the low state output current is 
not effectively limited. Therefore, the device can be dam- 
aged by shorts between the output and the 5V supply. How- 
ever, protection against shorts between outputs or from the 
outputs to ground is provided by limiting the high-state cur- 
rent. 

The curves in Figures 3 and 4 demonstrate the performance 
of the line driver with large, capacitively-coupled common- 
mode transients, or under gross overload conditions. Figure 
5 shows the ability of the circuit to drive a differential load: 
that is, the transmission line. It can be seen that for output 
currents less than 35 mA, the output resistance is approxi- 
mately 15n. At both temperature extremes, the output falls 
off at high currents. At high temperatures, this is caused by 
current limiting of the high output state. At low tempera- 
tures, the fall off of current gain in the low-state output tran- 
sistor produces this result. 

Load lines have been included on the figure to show the 
differential output with various load resistances. The output 
swing can be read off from the intersection of the output 
characteristic with the load line. The figure shows that the 
driver can easily handle load resistances greater than tOOfl. 
This is more than adequate for practical, twisted-pair lines. 
Figure 6 shows the no load power dissipation, for one-half 
of the dual line driver, as a function of frequency. This infor- 
mation is important for two reasons. First, the increase in 


OUTPUT CURRENT (mA) 

TL/F/7188-6 

FIGURE 5. Differential Output Voltage as a 
Function of Differential Output Current 
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SWITCHING FREQUENCY (MHz) 

TL/F/7188-7 

FIGURE 6. Power Dissipation as a 
Function of Switching Frequency 

power dissipation at high frequencies must be added to the 
excess power dissipation caused by the load to determine 
the total package dissipation. Second, and more important, 
it is a measure of the “glitch” current which flows from the 
positive supply to ground through the output transistors 
when the circuit is going through a transition. If the output 
stage is not properly designed, the current spikes in the 
power supplies can become quite large; and the power dis- 
sipation can increase by as much as a factor of five be- 
tween 100 kHz and 10 MHz. The figure shows that, with no 
capacitive loading, the power increases with frequencies as 
high as 10 MHz is almost negligible. However, with large 
capacitive loads, more power is required. 

The line receiver is designed to detect a zero crossing in the 
differential output of the line driver. Therefore, the propaga- 
tion time of the driver is measured as the time difference 
between the application of a step input and the point where 
the differential output voltage crosses zero. A plot of the 
propagation time over temperature is shown in Figure 7. 
This delay is added directly to the propagation time of the 
transmission line and the delay of the line receiver to deter- 
mine the total data-propagation time. However, in most cas- 
es, the delay of the driver is small, even by comparison to 
the uncertainties in the other delays. 
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TL/F/7188-8 

FIGURE 7. Propagation Time as a 
Function of Temperature 

To summarize the characteristics of the DS7830 line driver, 
the input interfaces directly with standard TTL circuits. It 
presents a load which is equivalent to a fan out of 3 to the 
circuit driving it, and it operates from the 5.0V, ±10% logic 
supplies. The output can drive low impedance lines down to 
50ft and capacitive loads up to 5000 pF. The time skew 
between the outputs is minimized to reduce radiation from 
the twisted-pair lines, and the circuit is designed to clamp 
common mode transients coupled into the line. Short circuit 
protection is also provided. The integrated circuit consists of 
two independent drivers fabricated on a 41 x 53 mil-square 
die using the standard TTL process. A photomicrograph of 
the chip is shown in Figure 8. 



TL/F/7188-9 

FIGURE 8. Photomicrograph of the 
DS7830 Dual Line Driver 


LINE RECEIVER 

As mentioned previously, the function of the line receiver is 
to convert the differential output signal of the line driver into 
a single ended, ground-referred signal to drive standard digi- 
tal circuits on the receiving end. At the same time it must 
reject the common mode and induced noise on the trans- 
mission line. 


Normally this would not be too difficult a task because of the 
large signal swings involved. However, it was considered 
important that the receiver operate from the ± 5V logic sup- 
ply without requiring additional supply voltages, as do most 
other line receiver designs. This complicates the situation 
because the receive must operate with ±15V input signals 
which are considerably greater than the operating supply 
voltage. 

The large common mode range over which the circuit must 
work can be reduced with an attenuator on the input of the 
receiver. In this design, the input signal is attenuated by a 
factor of 30. Hence, the ±15V common mode voltage is 
reduced to ±0.5V, which can be handed easily by circuitry 
operating from a 5V supply. However, the differential input 
signal, which can go down as low as ±2.4V in the worst 
case, is also reduced to ±80 mV. Hence, it is necessary to 
employ a fairly accurate zero crossing detector in the receiv- 


System requirements dictated that the threshold inaccuracy 
introduced by the zero crossing detector be less than 
17 mV. In principle, this accuracy requirement should not 
pose insurmountable problems because it is a simple matter 
to make well matched parts in an integrated circuit. 

Figure 9 shows a simplified schematic diagram of the circuit 
configuration used for the line receiver. The input signal is 
attenuated by the resistive dividers R1-R2 and R8-R3. This 
attenuated signal is fed into a balanced DC amplifier, oper- 
ating in the common base configuration. This input amplifier, 
consisting of Q1 and Q2, removes the common mode com- 
ponent of the input signal. Further, it delivers an output sig- 
nal at the collector of Q2, which is nearly equal in amplitude 
to the original differential input signal, this output signal is 
buffered by Q6 and drives an output amplifier, Q8. The out- 
put stage drives the logic load directly. 

An understanding of the circuit can be obtained by first con- 
sidering the input stage. Assuming high current gains and 
neglecting the voltage drop across R3, the collector current 
of Q1 will be: 

I = ~ Vbei ~ VbE3 ~ VbE4 


With equal emitter-base voltages for all transistors, this be- 
comes; 


let = 


V^ ~ 3Vbe 
R11 


The output voltage at the collector of Q2 will be; 

Vc2 = V+ - Ic2R12 


( 2 ) 

(3) 


When the differential input voltage to the receiver is zero, 
the voltages presented to the emitters of Q1 and Q2 will be 
equal. If Q1 and Q2 are matched devices, which is easy to 
arrange when they are fabricated close together on a single 
silicon chip, their collector currents will be equal with zero 
input voltage. Hence, the output voltage from Q2 can be 
determined by substituting (2) into (3): 

R12 

VC2 = V+ (V+ -3Vbe) (4) 


ForRII = R1 2, this becomes: 

Vc2 = 3 Vbe 
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FIGURE 9. Simplified Schematic of the Line Receiver 


The voltage on the base of Q6 will likewise be 3 Vbe when 
the output is on the verge of switching from a zero to a one 
state. A differential input signal which causes Q2 to conduct 
more heavily will then make the output go high, while an 
input signal in the opposite direction will cause the output to 
saturate. 

It should be noted that the balance of this circuit is not af- 
fected by absolute values of components— only by how well 
they match. Nor is it affected by variations in the positive 
supply voltage, so it will perform well with standard logic 
supply voltages between 4.5V and 5.5V. In addition, compo- 
nent values are chosen so that the collector currents of Q4 
and Q6 are equal. As a result, the base currents of Q4 and 
Q6 do not upset the balance of the input stage. This means 
that circuit performance is not greatly affected by production 
or temperature variations in transistor current gain. 

A complete schematic of the line receiver, shown in Figure 
10, shows several refinements of the basic circuit which are 
needed to secure proper operation under all conditions. For 
one, the explanation of the simplified circuit ignores the fact 
that the collector current of Q1 will be affected by common 
mode voltage developed across R3. This can give a 0.5V 
threshold error at the extremes of the +15V common 


mode range. To compensate for this, a separate divider, R9 
and R10, is used to maintain a constant collector current in 
Q1 with varying common mode signals. With an increasing 
common mode voltage on the non-inverting input, the volt- 
age on the emitter of Q1 will increase. Normally, this would 
cause the voltage across R11 to decrease, reducing the 
collector current of Q1. However, the increasing common 
mode signal also drives the top end of R1 1 through R9 and 
RIO so as to hold the voltage drop across R11 constant. 

In addition to improving the common mode rejection, R9 
also forces the output of the receiver into the high state 
when nothing is connected to the input lines. This means 
that the output will be in a pre-determined state when the 
transmission cables are disconnected. 

A diode connected transistor, Q5, is also added in the com- 
plete circuit to provide strobe capability. With a logic zero on 
the strobe terminal, the output will be high no matter what 
the input signal is. With the strobe, the receiver can be 
made immune to any noise signals during intervals where 
no digital information is expected. The output state with the 
strobe on is also the same as the output state with the input 
terminals open. 
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RESPONSE-TIME 

CONTROL 



The collector of Q2 is brought out so that an external capac- 
itor can bo used to slow down the receiver to where it will 
not respond to fast noise spikes. This capacitor, which is 
connected between the response-time-control terminal and 
ground, does not give exactly-symmetrical delays. The de- 
lay for input signals which produce a positive-going output 
will be less than for input signals of opposite polarity. This 
happens because the impedance on the collector of Q2 
drops as Q6 goes into saturation, reducing the effectiveness 
of the capacitor. 

Another difference in the complete circuit is that the output 
stage is improved both to provide more gain and to reduce 
the output resistance in the high output state. This was ac- 
complished by adding Q9 and Q10. When the output stage 
is operating in the linear region, that is, on the verge of 
switching to either the high or the low state, Q9 and Q10 
form sort of an active collector load for Q8. The current 
through R15 is constant at approximately 2 mA as the out- 
put voltage changes through the active region. Hence, the 
percentage change in the collector current of Q8 due to the 
voltage change across R17 is made smalier by this pre-bias 
current: and the effective stage gain is increased. 

With the output in the high state (Q8 cut off), the output 
resistance is equal to R15, as long as the load current is 
less than 2 mA. When the load current goes above this 
value, Q9 turns on; and the output resistance increases to 
1.5k, the value of R17. 


This particular output configuration gives a higher gain than 
either a standard DTL or TTL output stage, it can also drive 
enough current in the high state to make it compatible with 
TTL, yet outputs can be wire OR’ed as with DTL. 
Remaining details of the circuit are that Q7 is connected as 
an emitter follower to make the circuit even less sensitive to 
transistor current gains. R16 limits the base drive to Q7 with 
the output saturated, while R17 limits the base drive to the 
output transistor, Q8. A resistor, R7, which can be used to 
terminate the twisted-pair line is also included on the chip. It 
is not connected directly across the inputs. Instead, one end 
is left open so that a capacitor can be inserted in series with 
the resistor. The capacitor significantly reduces the power 
dissipation in both the line transmitter and receiver, espe- 
cially in low-duty-cycle applications, by terminating the line 
at high frequencies but blocking steady-state current flow in 
the terminating resistor. 

Since line receivers are generally used repetitively in a sys- 
tem, the DS7820 has been designed with two independent 
receivers on a single silicon chip. The device is fabricated 
on a 41 X 49 mil-square die using the standard six mask 
planar-epitaxial process. The processing employed is identi- 
cal to that used on TTL circuits, and the design does not 
impose any unusual demands on the processing. It is only 
required that various parts within the circuit match well, but 
this is easily accomplished in a monolithic integrated circuit 
without any special effort in manufacturing. A photomicro- 
graph of the integrated circuit chip is shown in Figure 1 1. 
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TL/F/7188-12 

FIGURE 11. Photomicrograph of the DS7820 
Dual Line Receiver 

The only components in the circuit which see voltages high- 
er than standard logic circuits are the resistors used to at- 
tenuate the input signal. These resistors, R1, R7, R8 and 
R9, are diffused into a separate, floating, N-type isolation 
tub, so that the higher voltage is not seen by any of the 
transistors. For a ± 1 5V input voltage range, the breakdown 
voltages required for the collector-isolation and collector- 
base diodes are only 15V and 19V, respectively. These 
breakdown voltages can be achieved readily with standard 
digital processing. 

The purpose of the foregoing was to provide some insight 
into circuit operation. A more exact mathematical analysis of 
the device is developed in Appendix A. 

RECEIVER PERFORMANCE 

The characteristics of the line receiver are described graphi- 
cally in Figures 12 through 18. Figure 12 illustrates the ef- 
fect of supply voltage variations on the threshold accuracy. 
The upper curve gives the differential input voltage required 
to hold the output at 2.5V while it is supplying 200 juA to the 
digital load. The lower curve shows the differential input 
needed to hold the output at 0.4V while it sinks 3.5 mA from 
the digital load. This load corresponds to a worst case fan- 
out of 2 with either DTL or TTL integrated circuits. The data 
shows that the threshold accuracy is only affected by 
±60 mV for a ±10% change in supply voltage. Proper op- 
eration can be secured over a wider range of supply volt- 
ages, although the error becomes excessive at voltages be- 
low 4V. 
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SUPPLY VOLTAGE (V) 

TL/F/7188-13 

FIGURE 12. Differential Input Voltage Required for High 
or Low Output as a Function of Supply Voltage 


Figure 13 is a similar plot for varying common mode input 
voltage. Again the differential input voltages are given for 
high and low states on the output with a worst case fanout 
of 2. With precisely matched components within the inte- 
grated circuit, the threshold voltage will not change with 
common mode voltage. The mismatches typically encoun- 
tered give a threshold voltage change of ±100 mV over a 
±20V common mode range. This change can have either a 
positive slope or a negative slope. 



-20 -10 0 10 20 
INPUT VOLTAGE (V) 

TL/F/7188-14 

FIGURE 13. Differential Input Voltage Required for High 
or Low Output as a Function of Common Mode Voltage 
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TL/F/7188-15 

FIGURE 14. Voltage Transfer Function 

The transfer function of the circuit is given in Figure 14. The 
loading is for a worst case fanout of 2. The digital load Is not 
linear, and this is reflected as a non-linearity in the transfer 
function which occurs with the output around 1 .5V. These 
transfer characteristics show that the only significant effect 
of temperature is a reduction in the positive swing at 
— 55°C. However, the voltage available remains well above 
the 2.5V required by digital logic. 
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FIGURE 15. Response Time with and 
without an Externai Deiay Capacitor 
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Figure 15 gives the response time, or propagation delay, of 
the receiver. Normally, the delay through the circuit is about 
40 ns. As shown, the delay can be increased, by the addi- 
tion of a capacitor between the response-time terminal and 
ground, to make the device immune to fast noise spikes on 
the input. The delay will generally be longer for negative 
going outputs than for positive going outputs. 

Under normal conditions, the power dissipated in the receiv- 
er is relatively low. However, with large common mode input 
voltages, dissipation increases markedly, as shown in Fig- 
ure 16. This is of little consequence with common mode 
transients, but the increased dissipation must be taken into 
account when there is a DC difference between the grounds 
of the transmitter and the receiver. It is important to note 
that Figure 16 gives the dissipation for one half the dual 
receiver. The total package dissipation will be twice the val- 
ues given when both sides are operated under identical 
conditions. 
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TL/F/7188-17 

FIGURE 16. Internal Power Dissipation as a Function of 
Common Mode Input Voltage 

Figure //shows that the power supply current also changes 
with common mode input voltage due to the current drawn 
out of or fed into the supply through R9. The supply current 
reaches a maximum with negative input voltages and can 
actually reverse with large positive input voltages. The figure 
also shows that the supply current with the output switched 
into the low state is about 3 mA higher than with a high 
output. 
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TL/F/7188-18 

FIGURE 17. Power Supply Current as a Function of 
Common Mode Input Voltage 


The variation of the internal termination resistance with tem- 
perature is illustrated in Figure 18. Taking into account the 
initial tolerance as well as the change with temperature, the 
termination resistance is by no means precise. Fortunately, 
in most cases, the termination resistance can vary appreci- 
ably without greatly affecting the characteristics of the 
transmission line. If the resistor tolerance is a problem, how- 
ever, an external resistor can be used in place of the one 
provided within the integrated circuit. 
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TL/F/7188-19 

FIGURE 18. Variation of Termination Resistance 
with Temperature 

DATA TRANSMISSION 

The interconnection of the DS7830 line driver with the 
DS7820 line receiver is shown in Figure 19. With the excep- 
tion of the transmission line, the design is rather straightfor- 
ward. Connections on the input of the driver and the output 
or strobe of the receiver follow standard design rules for 
DTL or TTL integrated logic circuits. The load presented by 
the driver inputs is equal to 3 standard digital loads, while 
the receiver can drive a worst-case fanout of 2. The load 
presented by the receiver strobe is equal to one standard 
load. 

The purpose of Cl on the receiver is to provide DC isolation 
of the termination resistor for the transmission line. This ca- 
pacitor can both increase the differential noise immunity, by 
reducing attenuation on the line, and reduce power dissipa- 
tion in both the transmitter and receiver. In some applica- 
tions, Cl can be replaced with a short between Pins 1 and 
2, which connects the internal termination resistor of the 
DS7820 directly across the line. C2 may be included, if nec- 
essary, to control the response time of the receiver, making 
it immune to noise spikes that may be coupled differentially 
into the transmission lines. 



1-295 


AN-22 



CM 


CM 


< 



‘Optional to control response time. 


TL/F/7188-21 


FIGURE 19. Interconnection of the Line Driver and Line Receiver 


The effect of termination mismatches on the transmission 
line is shown in Figure 20. The line was constructed of a 
twisted pair of No. 22 copper conductors with a characteris- 
tic impedance of approximately 17011. The line length was 
about 1 50 ns and it was driven directly from a DS7830 line 
driver. The data shows that termination resistances which 
are a factor of two off the nominal value do not cause signif- 
icant reflections on the line. The lower termination resistors 
do, however, increase the attenuation. 



TIME (ps) 

TL/F/7188-20 

FIGURE 20. Transmission Line Response 
with Various Termination Resistances 

Figure 21 gives the line-transmission characteristics with 
various termination resistances when a DC isolation capaci- 
tor is used. The line is identical to that used in the previous 
example. It can be seen that the transient reponse is nearly 
the same as a DC terminated line. The attenuation, on the 
other hand, is considerably lower, being the same as an 
unterminated line. An added advantage of using the isola- 
tion capacitor is that the DC signal current is blocked from 
the termination resistor which reduces the average power 
drain of the driver and the power dissipation in both the 
driver and receiver. 



TIME (ps) 


TL/F/718B-22 

FIGURE 21. Line Response for Various Termination 
Resistances with a DC Isolation Capacitor 

The effect of different values of DC isolation capacitors is 
illustrated in Figure 22. This shows that the RC time con- 
stant of the termination resistor/isolation capacitor combi- 
nation should be 2 to 3 times the line delay. As before, this 
data was taken for a 150 ns long line. 
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TL/F/7188-23 

FIGURE 22. Response of Terminated Line with Different 
DC Isolation Capacitors 
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C.VcM = 15V 


FIGURE 23. Line Response With Different Terminations and Common Mode input Voitages 


In Figure 23, the influence of a varying ground voltage be- 
tween the transmitter and the receiver is shown. The differ- 
ence in the characteristics arises because the source resist- 
ance of the driver is not constant under all conditions. The 
high output of the transmitter looks like an open circuit to 
voltages reflected from the receiving end of the transmis- 
sion line which try to drive it higher than its normal DC state. 
This condition exists until the voltage at the transmitting end 
becomes high enough to fonvard bias the clamp diode on 
the 5V supply. Much of the phenomena which does not fol- 
low simple transmission-line theory is caused by this. For 
example, with an unterminated line, the overshoot comes 
from the reflected signal charging the line capacitance to 
where the clamp diodes are forward biased. The overshoot 
then decays at a rate determined by the total line capaci- 
tance and the input resistance of the receiver. 

When the ground on the receiver is 15V more negative than 
the ground at the transmitting end, the decay with an un- 
terminated line is faster, as shown in Figure 23b. This oc- 
curs because there is more current from the input resistor of 
the receiver to discharge the line capacitance. With a termi- 
nated line, however, the transmission characteristics are the 
same as for equal ground voltages because the terminating 
resistor keeps the line from getting charged. 

Figure 23c gives the transmission characteristics when the 
receiver ground is 15V more positive than the transmitter 
ground. When the line is not terminated, the differential volt- 
age swing is increased because the high output of the driver 
will be pulled against the clamp diodes by the common 
mode input current of the receiver. With a DC isolation ca- 
pacitor, the differential swing will reach this same value with 
a time constant determined by the isolation capacitor and 
the input resistance of the receiver. With a DC coupled ter- 
mination, the characteristics are unchanged because the 


differential load current is large by comparison to the com- 
mon mode current so that the output transistors of the driver 
are always conducting. 

The low output of the driver can also be pulled below 
ground to where the lower clamp diode conducts, giving 
effects which are similar to those described for the high 
output. However, a current of about 9 mA is required to do 
this, so it does not happen under normal operating condi- 
tions. 

To summarize, the best termination is an RC combination 
with a time constant approximately equal to 3 times the 
transmission-line delay. Even though its value is not pre- 
cisely determined, the internal termination resistor of the 
integrated circuit can be used because the line characteris- 
tics are not greatly affected by the termination resistor. 

The only place that an RC termination can cause problems 
is when the data transmission rate approaches the line de- 
lay and the attenuation down the line (terminated) is greater 
than 3 dB. This would correspond to more than 1000 ft. of 
twisted-pair cable with No. 22 copper conductors. Under 
these conditions, the noise margin can disappear with low- 
duty-cycle signals. If this is the case, it is best to operate the 
twisted-pair line without a termination to minimize transmis- 
sion losses. Reflections should not be a problem as they will 
be absorbed by the line losses. 

CONCLUSION 

A method of transmitting digital information in high-noise 
environments has been described. The technique is a much 
more attractive solution than high-noise-immunity logic as it 
has lower power consumption, provides more noise rejec- 
tion, operates from standard 5V supplies, and is fully com- 
patible with almost all integrated logic circuits. An additional 
advantage is that the circuits can be fabricated with integrat- 
ed circuit processes used for standard logic circuits. 
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APPENDIX A 
LINE RECEIVER 


Design Analysis 

The purpose of this appendix is to derive mathematical ex- 
pressions describing the operation of the iine receiver. It will 
be shown that the performance of the circuit is not greatly 
affected by the absolute value of the components within the 
integrated circuit or by the supply voltage. Instead, it de- 
pends mostly on how well the various parts match. 

The anaiysis will assume that all the resistors are well 
matched in ratio and that the transistors are likewise 
matched, since this is easiiy accomplished over a broad 
temperature range with monolithic construction. However, 
the effects of component mismatching wiii be discussed 
where important. Further, iarge transistor current gains will 
be assumed, but it will be pointed out later that this is valid 
for current gains greater than about 10. 

A schematic diagram of the DS7820 iine receiver is shown 
in Figure A-1. Referring to this circuit, the collector current 
of the input transistor is given by 

I ^ V"*" - Vbei - Vbe3 - Vbe 4 
R9//R10 -h R11 -t- R3//R8 

R3 R3//R11 

_ R4 -I- 2R6 -t- R3 R8 -h R3//R1 

R9//R10 -1- R11 + R3//R8 


(V|N - V + ) 

^ ^ R9 -I- R10//R11 

R9//R10 -I- R11 -t- R3//R8 


(A.1) 


where V|n is the common mode input voltage and Ra//Rb 
denotes the parallel connection of the two resistors. In 
Equation (A.1), R8 = R9, R3 = RIO, RIO < R11, 
R9 > RIO, R3 < R11, R8 > R3 and 
R3 

< 3 

R4 + 2R6 -t- R3 

so it can be reduced to 



which shows that the coliector current of Q1 is not affected 
by the common mode voltage. 

The output voltage on the collector of Q2 is 

Vc2 = V+ - Ic2R12 (A.3) 

For zero differential input voltage, the collector currents of 
Q1 and Q2 will be equal so Equation (A.3) becomes 



It is desired that this voltage be 3 Vbe so that the output 
stage is just on the verge of switching with zero input. Forc- 
ing this condition and soiving for R12 yields 



This shows that the optimum vaiue of R12 is dependent on 
supply voltage. For a 5V supply it has a vaiue of 4.7 kfi. 
Substituting this and the other component values into (A.4), 
Vc2 = 2.83 Vbe + 0.081 V+ (A.6) 
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FIGURE A-1. Schematic Diagram of One Half of the DS7820 Line Receiver 
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which shows that the voltage on the collector of Q2 will vary 
by about 80 mV for a 1V change in supply voltage. 

The next step in the analysis is to obtain an expression for 
the voltage gain of the input stage. 

An equivalent circuit of the input stage is given in Figure A-2. 
Noting that R6 = R7 = R8 and R2 s o.1 (R6 + R7//R8), 
the change in the emitter current of Q1 for a change in input 
voltage is 

0.9 R2 

"““r1(0.9R2+Re2)*''"' 

Hence, the change in output voltage will be 
^VoUT = alE2R12 



0.9aR2R12 
R1 (0.9 R2 + Re2^'^'^ 

(A.8) 

Since a 

= 1, the voltage gain is 



0.9R2R12 
R1 (0.9 R2 ± Re2) 

(A.9) 

The emitter resistance of Q2 is given by 



II 

CNJ 

LU 

cr 

(A.10) 

where 

V+ - 3Vbe 
R12 

(A.11) 

so 

kTR12 

^2 q (V+ - 3 Vbe) 

(A.12) 


Therefore, at 25°C where Vve = 670 mV and kT/q = 
26 mV, the computed value for gain is 0.745. The gain is not 
greatly affected by temperature as the gain at -55°C where 
Vbe = 810 mV and kT/q = 18 mV is 0.774, and the gain at 
125°C where Vbe = 480 mV and kT/q = 34 mV is 0.730. 
With a voltage gain of 0.75, the results of Equation (A.6) 
show that the input referred threshold voltage will change 
by 0.11V for a IV change in supply voltage. With the stan- 
dard ± 10-percent supplies used for logic circuits, this 
means that the threshold voltage will change by less than 
±60 mV. 

Finally, the threshold error due to finite gain in the output 
stage can be considered. The collector current of Q7 from 
the bleeder resistor R14, is large by comparison to the base 
current of Q8, if Q8 has a reasonable current gain. Hence, 
the collector current of Q7 does not change appreciably 
when the output switches from a logic one to a logic zero. 
This is even more true for Q6, an emitter follower which 
drives Q7. Therefore, it is safe to presume that Q6 does not 


load the output of the first-stage amplifier, because of the 
compounded current gain of the three transistors, and that 
Q8 is driven from a low resistance source. 

It follows that the gain of the output stage can be deter- 
mined from the change in the emitter-base voltage of Q8 
required to swing the output from a logic one state to a logic 
zero state. The expression 

AVbe = — loge!^ (A.13) 

q ic2 

describes the change in emitter-base voltage required to 
vary the collector current from one value, Ici, to a second, 
Ic 2 - With the output of the receiver in the low state, the 
collector current of Q8 is 

, - VoL - VbE9 - Vbeio 



. VbE9 VbE8 , VbE7 , . ..... 

+ m?~R^+m3 

where Vql is the low state output voltage and Isink 's the 
current load from the logic that the receiver is driving. Not- 
ing that R13 = 2R14 and figuring that all the emitter-base 
voltages are the same, this becomes 

, - VoL - 2 Vbe , Vbe 

'O'- m? Ris 


Similarly, with the output in the high state, the collector cur- 
rent of Q8 is 

, V"^ - Vqh - Vbe9 ~ Vbeio 

, VbE9 _ VbE8 
R15 R14 

VrP7 

+ - ISOURCE . (A.16) 

where Voh is the high-level output voltage and IsouRCE is 
the current needed to supply the input leakage of the digital 
circuits loading the comparator. 

With the same conditions used in arriving at (A.15), this be- 
comes 

, V'*' - Vqh “ 2Vbe , Vbe 

rT^ ^ mi 

Vrp 

~ ~ IsOURCE (A.17) 



|aAlE2 <"12 AVouT 
I ^ 4.7Sk I 


FIGURE A-2. Equivalent Circuit Used to Calculate Input Stage Gain 
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From (A. 13) the change in the emitter-base voltage of Q8 in 
going from the high output level to the low output level is 

AVBE = ^loge|^ (A.18) 

q lOH 

providing that Q8 is not quite in saturation, although it may 
be on the verge of saturation. 

The change of input threshold voltage is then 

= ;;^loge7^ (A.19) 

qAvl IqH 

where A^i is the input stage gain. With a worst case fanout 
of 2, where Vqh ~ 2.5V, Vql ~ 0.4V, IsouRCE ~ /xA 
and Isink = 3-2 mA, the calculated change In threshold is 
37 mV at 25“C, 24 mV at -55°C and 52 mV at 125°C. 

The measured values of overall gain differ by about a factor 
of two from the calculated gain. This is not too surprising 
because a number of assumptions were made which intro- 
duce small errors, and all these errors lower the gain. It is 
also not too important because the gain is high enough 
where another factor of two reduction would not cause the 
circuit to stop working. 

The main contributors to this discrepancy are the non-ideal 
behavior of the emitter-base voltage of Q8 due to current 
crowding under the emitter and the variation in the emitter 
base voltage of Q7 and Q8 with changes in collector-emitter 
voltage (hRg). 

Although these parameters can vary considerably with dif- 
ferent manufacturing methods, they are relatively fixed for a 
given process. The AVre errors introduced by these quanti- 


ties, if known, can be added directly into Equation (A.18) to 
give a more accurate gain expression. 

The most stringent matching requirement in the receiver is 
the matching of the input stage divider resistors: R1 with R8 
and R2 with R3. As little as 1 % mismatch in one of these 
pairs can cause a threshold shift of 1 50 mV at the extremes 
of the ±15V common mode range. Because of this, it is 
necessary to make the resistors absolutely identical and lo- 
cate them close together. In addition, since R1 and R8 do 
dissipate a reasonable amount of power, they have to be 
located to minimize the thermal gradient between them. To 
do this, R9 was located between R1 and R8 so that it would 
heat both of these resistors equally. There are not serious 
heating problems with R2 and R3; however, because of 
their low resistance value, it was necessary even to match 
the lengths of the aluminum interconnects, as the resist- 
ance of the aluminum is high enough to cause intolerable 
mismatches. Of secondary importance is the matching of 
Q1 and Q2 and the matching of ratios between R11 and 
R12. A 1 mV difference in the emitter-base voltages of Q1 
and Q2 causes a 30 mV Input offset voltage as does a 1 % 
mismatch in the ratio of R1 1 to R12. 

The circuit is indeed insensitive to transistor current gains 
as long as they are above 10. The collector currents of Q4 
and Q6 are made equal so that their base currents load the 
collectors of Q1 and Q2 equally. Hence, the Input threshold 
voltage is affected only by how well the current gains match. 
Low current gain in the output transistor, Q8, can cause a 
reduction in gain. But even with a current gain of 10, the 
error produced in the input threshold voltage Is less than 
50 mV. 
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INTRODUCTION 

Digital systems generally require the transmission of digital 
signals to and from other elements of the system. The com- 
ponent wavelengths of the digital signals will usually be 
shorter than the electrical length of the cable used to con- 
nect the subsystems together and, therefore, the cables 
should be treated as a transmissions line. In addition, the 
digital signal is usually exposed to hostile electrical noise 
sources which will require more noise immunity than re- 
quired in the individual subsystems environment. 

The requirements for transmission line techniques and 
noise immunity are recognized by the designers of subsys- 
tems and systems, but the solutions used vary considerably. 
Two widely used example methods of the solution are 
shown in Figure 1. The two methods illustrated use unbal- 
anced and balanced circuit techniques. This application 
note will delineate the characteristics of digital signals in 
transmission lines and characteristics of the line that effect 
the quality, and will compare the unbalanced and balanced 
circuits performance in digital systems. 


UNBALANCED METHOO 



FIGURE 1 


NOISE 

The cables used to transmit digital signals external to a sub- 
system and in route between the subsystem, are exposed to 
external electromagnetic noise caused by switching tran- 
sients from actuating devices of neighboring control sys- 
tems. Also external to a specific subsystem, another sub- 
system may have a ground problem which will induce noise 
on the system, as indicated in Figure 2. 

The signals in adjacent wires inside a cable may induce 
electromagnetic noise on other wires in the cable. The in- 
duced electromagnetic noise is worse when a line terminat- 
ed at one end of the cable is near to a driver at the same 
end, as shown in Figure 3. Some noise may be induced from 
relay circuits which have very large transient voltage swings 
compared to the digital signals in the same cable. Another 
source of induced noise is current in the common ground 
wire or wires in the cable. 



INDUCED NDISE ALDNG CABLE RDUTE 
GROUND PRDBIEMS IN ASSOCIATED EDUIPMENT 

TL/F/8826-2 


FIGURE 2. External Noise Sources 



TL/F/8826-3 

FIGURE 3. Internal Noise Sources 
DISTORTION 

The objective is the transmission and recovery of digital in- 
telligence between subsystems, and to this end, the charac- 
teristics of the data recovered must resemble the data 
transmitted. In Figure 4 there is a difference in the pulse 
width of the data and the timing signal transmitted, and the 
corresponding signal received. In addition there is a further 
difference in the signal when the data is “AND”ed with the 
timing signal. The distortion of the signal occurred in the 
transmission line and in the line driver and receiver. 
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A primary cause of distortion is the effect the transmission 
line has on the rise time of the transmitted data. Figure 5 
shows what happens to a voltage step from the driver as it 
travels down the line. The rise time of the signal increases 
as the signal travels down the line. This effect will tend to 
affect the timing of the recovered signal. 


FIGURE 5. Signal Response at Receiver 


THE STEP RESPatlSE OF A TRANSMISSION 
LINE RESEMBLES A COMPLIMENTAflV 
ERROR FUNCTION RATHER THAN AN 
EXPONENTIAL FUNCTION 


FIGURE 6. Signal Rise Time 

The rise time in a transmission line is not an exponential 
function but a complementary error function. The high fre- 
quency components of the step input are attenuated and 
delayed more than the low frequency components. This at- 
tenuation is inversely proportional to the frequency. Notice 
in Figure 6 particularly that the signal takes much longer to 
reach its final DC value. This effect is more significant for 
fast risetimes. 

The Duty Cycle of the transmitted signal also causes distor- 
tion. The effect is related to the signal rise time as shown in 
Figure 7. The signal doesn’t reach one logic level before the 
signal changes to another level. If the signal has a V 2 (50%) 
Duty Cycle and the threshold of the receiver is halfway be- 
tween the logic levels, the distortion is small. But if the Duty 
Cycle is Vs as shown in the second case the signal is con- 
siderably distorted. In some cases, the signal may not reach 
the receiver threshold at all. 


1/2 DUTY 
CYCLE DATA 


-imrmji 


1/2 DUTY CYCLE 
LINE RESPONSE . 


1/8 DUTY CYCLE 
LINE RESPONSE 


FIGURE 7. Signal Distortion Due to Duty Cycle 


In the previous example, it was assumed that the threshold 
of the receiver was halfway between the ONE and ZERO 
logic levels. If the receiver threshold isn’t halfway the receiv- 
er will contribute to the distortion of the recovered signal. As 
shown in Figure 8, the pulse time is lengthened or short- 
ened, depending on the polarity of the signal at the receiver. 
This is due to the offset of the receiver threshold. 



TL/F/8826-8 

FIGURE 8. Slicing Level Distortion 
UNBALANCED METHOD 

Another source of distortion is caused by the IR losses in 
the wire. Figure 9 shows the IR losses that occur in a thou- 
sand feet of no. 22 AWG wire. Notice in this example that 
the losses reduce the signal below the threshold of the re- 
ceiver in the unbalanced method. Also that part of the IR 
drop in the ground wire is common to other circuits — this 
ground signal will appear as a source of noise to the other 
unbalanced line receivers in the system. 



TL/F/8826-9 

FIGURE 9. Unbalanced Method 


Transmission lines don’t necessarily have to be perfectly 
terminated at both ends, (as will be shown later) but the 
termination used in the unbalanced method will cause addi- 
tional distortion. Figure /O shows the signal on the transmis- 
sion line at the driver and at the receiver. In this case the 
receiver was terminated in 120fl, but the characteristic im- 
pedance of the line is much less. Notice that the wave forms 
have significant steps due to the incorrect termination of the 
line. The signal is subject to misinterpretation by the line 
receiver during the period of this signal transient because of 
the distortion caused by Duty Cycle and attenuation. In addi- 
tion, the noise margin of the signal is reduced. 
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100 FT TWISTED ^ 

PAIR SHIELDED 200 ns/DIV 

TL/F/8826-10 

FIGURE 10. LM75451, DM7400 Line Voltage Waveforms 

The signal waveforms on the transmission line can be esti- 
mated before hand by a reflection diagram. Figure / /shows 
the reflection diagram of the rise time wave forms. The volt- 
age versus current plot on left then is used to predict the 
transient rise time of the signal shown on the right. The 
initial condition on the transmission line is an IR drop across 
the line termination. The first transient on the line traverses 
from this initial point to zero current. The path it follows 
corresponds to the characteristic impedance of the line. The 
second transient on the diagram is at the line termination. 
As shown, the signal reflects back and forth until it reaches 
its final DC value. 

Figure 12 shows the reflection diagram of the fall time. 
Again the signal reflects back and forth between the line 
termination until it reaches its final DC value. In both the rise 
and fall time diagrams, there are transient voltage and cur- 
rent signals that subtract from the particular signal and add 
to the system noise. 



FIGURE 11. Line Reflection Diagram of Rise Time 



FIGURE 12. Line Reflection Diagram of Fall Time 


BALANCED METHOD 

In the balanced method shown in Figure 13, the transient 
voltages and currents on the line are equal and opposite 
and cancel each others noise. Also unlike the unbalanced 


method, they generate very little ground noise. As a result, 
the balanced circuit doesn’t contribute to the noise pollution 
of its environment. 
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FIGURE 13. Cross Talk of Signals 

The circuit used for a line receiver in the balanced method is 
a differential amplifier. Figure 14 shows a noise transient 
induced equally on lines A and line B from line C. Because 
the signals on line A and B are equal, the signals are ig- 
nored by the differential line receiver. 

Likewise for the same reason, the differential signals on 
lines A and B from the driver will not induce transients on 
line C. Thus, the balanced method doesn't generate noise 
and also isn’t susceptible to noise. On the other hand the 
unbalanced method is more sensitive to noise and also gen- 
erates more noise. 



DIFFERENCE SIGNAL (A-B) 
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FIGURE 14. Cross Talk of Signals 

The characteristic impedance of the unbalanced transmis- 
sion line is less than the impedance of the balanced trans- 
mission line. In the unbalanced method there is more ca- 
pacitance and less inductance than in the balanced method. 
In the balanced method the Reactance to adjacent wires is 
almost cancelled (see Figure 15). As a result a transmission 
line may have a 600 unbalanced impedance and a 900 
balanced impedance. This means that the unbalanced 
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T- method, which is more susceptible to IR drop, must use a 
Z smaller value termination, which will further increase the IR 
^ drop in the line. 
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FIGURE 15. Zq Unbalanced < Zq Balanced 

The impedance measurement of an unbaianced and bal- 
anced line must be made differently. The balanced imped- 
ance must be measured with a balanced signal. If there is 
any unbalance in the signal on the balanced line, there will 
be an unbalance reflection at the terminator. Therefore, the 
lines should also be terminated for unbalanced signals. Fig- 
ure 16 shows the perfect termination configuration of a bal- 
anced transmission line. This termination method is primari- 
ly required for accurate impedance measurements. 
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FIGURE 16. Impedance Measurement 
MEASURED PERFORMANCE 

The unbalanced method circuit used in this application note 
up to this point is the unbalanced circuit shown in Figure 1. 
The termination of its transmission line was greater than 
the characteristic impedance of the unbalanced line and the 


circuit had considerable threshold offset. The measured 
performance of the unbalanced circuit wasn’t comparable to 
the balanced method. Therefore, for the following compari- 
son of unbalanced and balanced circuits, an improved ter- 
mination shown in Figure 17 will be used. This circuit termi- 
nates the line in 600 and minimized the receiver threshold 
offset. 



FIGURE 17. Improved Unbalanced Method 

A plot of the Absolute Maximum Data Rate versus cable 
type is shown in Figure 18. The graph shows the different 
performances of the DM7820A line receiver and the 
DM7830 line driver circuits with a worse case Vs Duty Cycle 
in no. 22 AWG stranded wire cables. In a single twisted pair 
cable there is less reactance than in a cable having nine 
twisted pairs and in turn this cable has less reactance than 
shielded pairs. The line length is reduced in proportion to 
the increased line attenuation which is proportional to the 
line reactance. The plot shows that the reactance and at- 
tenuation has a significant effect on the cable length. Abso- 
lute Maximum Data Rate is defined as the Data Rate at 
which the output of the line receiver is starting to be degrad- 
ed. The roll off of the performance above 20 mega baud is 
due to the circuit switching response limitation. 



FIGURE 18. Data Rate vs Cable Type 
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FIGURE 19. Data Rate vs Duty Cycle 
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FIGURE 20. Data Rate vs Line 
Termination 
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FIGURE 21. Data Rate vs Distortion 
of LM75452, DM7400 
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Figure 19 shows the reduction in Data Rate caused by Duty 
Cycle. It can be observed that the Absolute Maximum Duty 
Rate of Vs Duty Cycle is less than y^ Duty Cycle. The follow- 
ing performance curves wiil use Va Duty Cycle since it is the 
worst case. 

Absolute Maximum Duty Rate versus the Line Termination 
Resistance for two different lengths of cable is shown in 
Figure 20. It can be seen from the figure that the termination 
doesn't have to be perfect in the case of balanced circuits. 
It is better to have a termination resistor to minimize the 
extra transient signal reflecting between the ends of the 
line. The reason the Data Rate increases with increased 
Termination Resistance is that there is less IR drop in the 
cable. 

The graphs in Figure 21 show the Data Rate versus the Line 
Length for various percentages of timing distortion using the 
unbalanced LM75452 and DM7400 circuits shown in Figure 
17. The definition of Timing Distortion is the percentage dif- 
ference in the pulse width of the data sent versus the data 
received. 



FIGURE 22. Data Rate vs Distortion of DM7820A, 
DM7830 

Data Rate versus the Line Length for various percentage of 
timing distortion using the balanced DM7820A and DM7830 
circuit is shown in Figure 22. The distortion of this method is 
improved over the unbalanced method, as was previously 
theorized. 

The Absolute Maximum Data Rate versus Line Lengths 
shown in the previous two figures didn’t include any induced 
signal noise. Figure 23 shows the test configuration of the 
unbalanced circuits which was used to measure near end 
cross talk noise. In this configuration there are eight line 
drivers and one receiver at one end of the cable. The per- 
formance of the receiver measured in the presence of the 
driver noise is shown in Figure 24. 

Figure 24 shows the Absolute Maximum Duty Rate of the 
unbalanced method versus line length and versus the num- 
ber of line drivers corresponding to the test configuration 
delineated in Figure 23. In the noise measurement set-up 
there was a ground return for each signal wire. If there is 
only one ground return in the cable the performance is 
worse. The graph shows that the effective line length is 


drastically reduced as additional Near End Drivers are add- 
ed. When this performance is compounded by timing distor- 
tion the performance is further reduced. 
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FIGURE 23. Signal Cross Talk Experiment Using 
DM75452, DM7400 
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FIGURE 24. Data Rate vs Signal Cross Talk of LM75452, 
DM7400 

Figure 25 shows the test configuration of the balanced cir- 
cuit used to generate worst case Near End cross talk noise 
similar to the unbalance performance shown in the previous 
figure. Unlike the unbalanced case, there was no measur- 
able degradation of the circuits Data Rate or distortion. 
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FIGURE 25. Signal Cross Talk Experiment Using 
DS7830, DS7820A 


CONCLUSION 

National has a full line of both Balanced and Unbalanced 
Line Drivers and Receivers. Both circuit types work well 


when used within their limitation. This application note 
shows that the balanced method is preferable for long lines 
in noisy electrical environments. On the other hand the un- 
balanced circuit works perfectly well with shorter lines and 
reduced data rates. 

DEFINITION OF BAUD RATE 
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BIT RATE PER BIT Tg 


MINIMUM UNIT INTERVAL T, 

The data in this note was plotted versus Baud Rate. The 
minimum unit interval reflected the worse case conditions 
and also normalized the diagrams so that the diagrams 
were independent of duty cycle. If the duty cycle is 50% 
then the Baud Rate is twice the Bit Rate. 
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With the advent of the microprocessor, logic designs have 
become both sophisticated and modular in concept. Fre- 
quently the modules making up the system are very closely 
coupled on a single printed circuit board or cardfile. In a 
majority of these cases a standard bus transceiver will be 
adequate. However because of the distributed intelligence 
ability of the microprocessor, it is becoming common prac- 
tice for the peripheral circuits to be physically separated 
from the host processor with data communications being 
handled over cables (e.g. plant environmental control or se- 
curity system). And often these cables are measured in hun- 
dreds or thousands of feet as opposed to inches on a back- 
plane. At this point the component wavelengths of the digi- 
tal signals may become shorter than the electrical length of 
the cable and consequently must be treated as transmission 
lines. Further, these signals are exposed to electrical noise 
sources which may require greater noise immunity than the 
single chassis system. 

It is the object of this application note to underscore the 
more important design requirements for balanced and un- 
balanced transmission lines, and to show that National’s 
DS1691 driver and DS78LS120 receiver meet or exceed all 
of those requirements. 

THE REQUIREMENTS 

The requirements for transmission lines and noise immunity 
have been adequately recognized by National Semiconduc- 


tor’s application note AN-108 and EIA standards RS-422 
(balanced) and RS-423 (unbalanced). A summary review of 
these notes will show that the controlling factors in a volt- 
age digital interface are: 

1) The cable length 

2) The modulation rate 

3) The characteristic of the interconnection cable 

4) The rise time of the signal 

RS-422 and RS-423 contain several useful guidelines rela- 
tive to the choice of balanced circuits versus unbalanced 
circuits. Figures la and 1b are the digital interface for bal- 
anced (la) and unbalanced (1b) circuits. 

Even though the unbalanced interface circuit is intended for 
use at lower modulation rates than the balanced circuit, its 
use is not recommended where the following conditions ex- 
ist: 

1) The interconnecting cable is exposed to noise sources 
which may cause a voltage sufficient to indicate a change 
of binary state at the load. 

2) It is necessary to minimize interference with other sig- 
nals, such as data versus clock. 

3) The interconnecting cable is too long electrically for un- 
balanced operation (Figure 2). 


BALANCED 

-INTERCONNECTING - 
CABLE 


CABLE 

'termination 



Legend: 

R( = Optional cable termination resistance/receiver input impedance. 
Vground = Ground potential difference 
A. B = Driver interface 


A', B' = Load interface 
C = Driver circuit ground 
C' = Load circuit ground 


FIGURE la. RS-422 Balanced Digital Interface Circuit 


UNBALANCED 
-INTERCONNECTING — 
CABLE 

SIGNAL CONDUCTOR 


SIGNAL COMMON RETURN 


CABLE 

TERMINATION 


Legend: 

Rt = Transmission line termination and/or receiver input impedance A’, B' = Load interface 

Vground = Ground potential difference C = Driver circuit ground 

A, C = Driver interface C' = Load circuit ground 

FIGURE 1b. RS-423 Unbalanced Digital Interface Circuit 
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CABLE LENGTH 

While there is no maximum cable length specified, guide- 
lines are given with respect to conservative operating dis- 
tances as a function of modulation rate. Figure 2 is a com- 
posite of the guidelines provided by RS-422 and RS-423 for 
data modulation versus cable length. The data is for 24 
AWG twisted pair cable terminated for worst case (due to IR 
drop) in a 100n load, with rise and fall times equal to or less 
than one half unit interval at the applied modulation rate. 
The maximum cable length between driver and load is a 
function of the baud rate. But it is influenced by: 

1) A maximum common noise range of ±7 volts 

A) The amount of common-mode noise 

Difference of driver and receiver ground potential plus 
driver offset voltage and coupled peak random noise. 

B) Ground potential differences between driver and load. 

C) Cable balance 

Differential noise caused by imbalance between the 
signal conductor and the common return (ground) 

2) Cable termination 

At rates above 200 kilobaud or where the rise time is 4 
times the one way propagation delay time of the cable 
(RS-422 Sec 7.1.2) 

3) Tolerable signal distortion 
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FIGURE 2. Data Modulation Rate vs Cable Length 
MODULATION RATE 

Section 3 of RS-422 and RS-423 states that the unbalanced 
voltage interface will normally be utilized on data, timing or 
control circuits where the modulation rate on these circuits 
is below 100 kilobauds, and balanced voltage digital inter- 
face on circuits up to 10 megabauds. The voltage digital 


interface devices meeting the electrical characteristics of 
this standard need not meet the entire modulation range 
specified. They may be designed to operate over narrower 
ranges to more economically satisfy specific applications, 
particularly at the lower modulation rates. 

As pointed out in AN-108, the duty cycle of the transmitted 
signal contributes to the distortion. The effect is the result of 
rise time. Due to delay and attenuation caused by the cable, 
it is possible due to AC averaging of the signal, to be unable 
to reach one binary level before it is changed to another. If 
the duty cycle is Vz (50%) and the receiver threshold is 
midway between logic levels, the distortion is small. Howev- 
er if the duty cycle were Va (12.5%) the signal would be 
considerably distorted. 

CHARACTERISTICS 
Driver Unbalanced (RS-423) 

The unbalanced driver characteristics as specified by 
RS-423 Sec 4.1 are as follows: 

1) A driver circuit should be a low impedance (50(1 or less) 
unbalanced voltage source that will produce a voltage 
applied to the interconnecting cable in the range of 4V to 
6V. 

2) With a test load of 45011 connected between the driver 
output terminal and the driver circuit ground, the magni- 
tude of the voltage (VT) measured between the driver 
output and the driver circuit ground shall not be less than 
90% of the magnitude for either binary state. 

3) During transitions of the driver output between alternating 
binary states, the signal measured across a 45011 test 
load connected between the driver output and circuit 
ground should be such that the voltage monotonically 
changes between 0.1 and 0.9 of Vss- Thereafter, the sig- 
nal shall not vary more than 10% of Vss from the steady 
state value, until the next binary transition occurs, and at 
no time shall the instantaneous magnitude of VT and VT 
exceed 6V, nor be less than 4V. Vss is defined as the 
voltage difference between the 2 steady state values of 
the driver output. 

Driver Balanced (RS-422) 

The balanced driver characteristics as specified by RS-422 
Sec 4.1 are as follows: 

1) A driver circuit should result in a low impedance (10011 or 
less) balanced voltage source that will produce a differ- 
ential voltage applied to the interconnecting cable in the 
range of 2V to 6V. 
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FIGURE 3a. Definition of Baud Rate 
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FIGURE 3b. Signal Distortion Due to Duty Cycle 
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Vss = |Vt - V,| 

Vss = Difference in steady state voltages 

FIGURE 4. Unbalanced Driver Output Signal Waveform 


2) With a test ioad of 2 resistors, 50n each, connected in 
series between the driver output terminals, the magnitude 
of the differential voltage (VT) measured between the 2 
output terminals shall not be less than either 2.0V or 50% 
of the magnitude of Vq, whichever is greater. For the 
opposite binary state the polarity of VT shall be reversed 
(VT). The magnitude of the difference in the magnitude of 
VT and VT shall be less than 0.4V. The magnitude of the 
driver offset voltage (Vqs) measured between the center 
point of the test load and driver circuit ground shall not be 
greater than 3.0V. The magnitude of the diffe renc e in the 
magnitude of Vqs for one binary state and Vqs for the 
opposing binary state shall be less than 0.4V. 

3) During transitions of the driver output between alternating 
binary states, the differential signal measured across a 
100D test load connected between the driver output ter- 
minals shall be such that the voltage monotonically 
changes between 0.1 and 0.9 of Vss within 0.1 of the unit 
interval or 20 ns, whichever is greater. Thereafter the sig- 
nal voltage shall not vary more than 10% of Vss from the 


steady state value, until the next binary transition occurs, 
and at no time shall the instantaneous magnitude of VT or 
VT exceed 6V, nor less than 2V. 

Interconnecting Cable 

The characteristics of the interconnecting cable should re- 
sult in a transmission line with a characteristic impedance in 
the general range of 100D to frequencies greater than 
100 kHz, and a DC series loop resistance not exceeding 
240n. The cable may be composed of twisted or untwisted 
pair (flat cable) possessing the characteristics specified in 
RS-422 Sec 4.3 as follows: 

1) Conductor size of the 2 wires shall be 24 AWG or larger 
with wire resistance not to exceed 30fl per 1000 feet per 
conductor. 

2) Mutual pair capacitance between 1 wire in the pair to the 
other shall not exceed 20 pF per foot. 

3) Stray capacitance between 1 wire in the pair with all other 
wires connected to ground, shall not exceed 40 pF per 
foot. 
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tb = Time duration of the unit interval at the appiicabie modulation rate. 

tr ^ 0.1 tb when tb 2: 200 ns 

tr ^ 20 ns when tb < 200 ns 

Vss = Difference in steady state voitages 

Vss = |Vt - V,| 

FIGURE 5. Balanced Driver Output Signal Waveform 
Receiver 

The load characteristics are identical for both balanced (RS- 
422) and unbalanced (RS-423) circuits. Each consists of a 
receiver and optional termination resistance as shown in 
Figure 1. The electrical characteristics single receiver with- 
out termination or optional fail-safe provisions are specified 
in RS-422/423 Sec 4.2 as follows: 

1) Over an entire common-mode voltage range of -7V to 
+ 7V, the receiver shall not require a differential input 
voltage of more than 200 mV to correctly assume the 
intended binary state. The common-mode voltage (Vcm) 
is defined as the algebraic mean of the 2 voltages ap- 
pearing at the receiver input terminals with respect to the 
receiver circuit ground. Reversing the polarity of VT shall 
cause the receiver to assume the opposite binary state. 
This allows for operations where there are ground differ- 
ences caused by IR drop and noise of up to +7V. 

2) To maintain correct operation for differential input signal 
voltages ranging between 200 mV and 6V in magnitude. 

3) The maximum voltage present between either receiver 
input terminal and receiver circuit ground shall not ex- 
ceed 10V (3V signal plus 7V common-mode) in magni- 
tude nor cause the receiver to operationally fail. Addition- 
ally, the receiver shall tolerate a maximum differential sig- 
nal of 1 2V applied across its input terminals without being 
damaged. 

4) The total load including up to 10 receivers shall not have 
a resistance greater than 90H for balanced, and 40011 for 
unbalanced at its input points and shall not require a dif- 
ferential input voltage of greater than 200 mV for all re- 
ceivers to assume the correct binary state. 

5) Fail-safe operation per RS-423 Sec 4.2.5 states that oth- 
er standards and specifications using the electrical char- 
acteristics of the unbalanced interface circuit may require 
that specific interchange leads be made fail-safe to cer- 
tain fault conditions. Where fail-safe operation is required 
by such referencing standards and specifications, provi- 



FIGURE 6. Receiver Input Sensitivity Measurement 


Note: Designers of terminating hardware should be aware that slow signal 
transitions with superimposed noise present may give rise to instabili- 
ty or oscillations in the receiving device, and therefore appropriate 
techniques should be implemented to prevent such behavior. For ex- 
ample, adequate hysteresis and response control may be incorporat- 
ed into the receiver to prevent such conditions. 

sions shall be incorporated in the load to provide a steady 
binary condition (either “1 ” or “0”) to protect against cer- 
tain fault conditions (open or shorted cable). 

The designer should be aware that in circuits employing 
pull-up resistors, the resistors used become part of the 
termination. 

SIGNAL RISE TIME 

The signal rise time is a high frequency component which 
causes interference (near end cross-talk) to be coupled to 
adjacent channels in the interconnecting cable. The near- 
end crosstalk is a function of both rise time and cable 
length, and in considering wave shaping, both should be 
considered. Since in the balanced voltage digital interface 
the output is complementary, there is practically no cross- 
talk coupled and therefore wave shaping is limited to unbal- 
anced circuits. 

Per RS-423 Sec 4.1.6, the rise time of the signal should be 
controlled so that the signal has reached 90% of Vss be- 
tween 10% and 30% of the unit interval at the maximum 
modulation rate. Below 1 kilobaud the time to reach 90% 
Vss shall be between 100 ju,s and 300 jus. If a driver is to 
operate over a range of modulation rates and employ a 
fixed amount of wave shaping which meets the specification 
for the maximum modulation rate of the operating range, the 
wave shaping is considered adequate for all lesser modula- 
tion rates. 

However a major cause of distortion is the effect the trans- 
mission line has on the rise time of the transmitted signal. 
Figure 7 shows the effect of line attenuation and delay to a 
voltage step as it progresses down the cable. The increase 
of the rise time with distance will have a considerable effect 
on the distortion at the receiver. Therefore in fixing the 
amount of wave shaping employed, caution should be taken 
not to use more than the minimum required. 
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FIGURE 7. Signal Rise Time on 
Transmission Line vs Line Length 

DS1691A, DS78LS120 
The Driver 

The DS1691A/DS3691 are low power Schottky TTL line 
drivers designed to meet the above listed requirements of 
EIA standard RS-422 and RS-423. They feature 4 buffered 
outputs with high source and sink current capability with in- 
ternal short circuit protection. The DS1691/DS3691 employ 
a mode selection pin which allows the circuit to become 
either a pair of balanced drivers (Figure 8) or 4 independent 
unbalanced drivers (Figure 9). When configured for unbal- 
anced operation (Figure 10) a rise time control pin allows 
the use of an external capacitor to control rise time for sup- 


pression of near end cross-talk to adjacent channels in the 
interconnect cable. Figure //is the typical rise time vs ex- 
ternal capacitor used for wave shaping. 

The DS3691 configured for RS-422 is connected Vcc = 5V 
Vee = OV, and configured for RS-423 connected Vcc = 5V 
Vee = -5V. For applications outside RS-422 conditions 
and for greater cable lengths the DS1691/DS3691 may be 
connected with a Vcc of 5 volts and Vee of -5 volts. This 
will create an output which is symmetrical about ground, 
similar to Mil Standard 188-114. 

When configured as balanced drivers (Figure 8), each of the 
drivers is equipped with an independent TRI-STATE® con- 
trol pin. By use of this pin it is possible to force the driver 
into its high impedance mode for applications using party 
line techniques. 

If the common-mode voltage, between driver 1 and all other 
drivers in the circuit, is small then several line drivers (and 
receivers) may be incorporated into the system. However, if 
the common-mode voltage exceeds the TRI-STATE com- 
mon-mode range of any driver, then the signal will become 
attenuated by that driver to the extent the common-mode 
voltage exceeds its common-mode range (see Figure 12, 
top waveform). 

It is important then to select a driver with a common-mode 
range equal to or larger than the common-mode voltage 
requirement of the system. In the case of RS-422 and RS- 
423 the minimum common-mode range would be ±7V. The 
DS1692/DS3692 driver is tested to a common-mode range 
of ±10V and will operate within the requirements of such a 
system (see Figure 12, bottom waveform). 
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FIGURE 12. Comparison of Drivers without TRI-STATE Common-Mode Output Range 
(top waveforms) to DS3691 (bottom waveforms) 
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Top View 

FIGURE 13. DS78LS120/DS88LS120 Dual Differential Line Receiver 
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CM DS78LS120/DS88LS120 frequency noise rejection are desirable. Switching noise 

Z The Rece' er which may occur on the input signal can be eliminated by 

^ the 50 mV (referred to input) of hysteresis built into the out- 

The DS78LS120/DS88LS120 are high peformance, dual put gate (Figure 14). The DS78LS120/DS88LS120 makes 

differential TTL compatible line receivers which meet or ex- use of a response control pin for the addition of an external 

ceed the above listed requirements for both balanced and capacitor, which will not affect the line termination imped- 

unbalanced voltage digital interface. ance of the interconnect cable. Noise pulse width rejection 

The line receiver will discriminate a ±200 millivolt input sig- versus the value of the response control capacitor is shown 

nal over a full common-mode range of ±10 volts and a in Figure 15. The combination of the filter followed by hys- 

±300 millivolt signal over a full common-mode range of teresis will optimize performance in a worst case noise envi- 

± 1 5 volts. ronment. The DS78C1 20/DS88C1 20 is identical in perform- 

The DS78LS120/DS88LS120 include response control for ^^ce to the DS78LS120/DS88LS120, except it’s compati- 
applications where controlled rise and fall times and/or high CMOS logic gates. 
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FIGURE 14. Application of DS88LS120 Receiver Response Controi and Hysteresis 
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FIGURE 15. Noise Pulse Width vs Response Controi Capacitor 
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FAIL-SAFE OPERATION 

Communication systems require elements of a system to 
detect the loss of signals in the transmission lines. And it is 
desirable to have the system shut-down in a fail-safe mode 
if the transmission line is open or short. To facilitate the 
detection of input opens or shorts, the DS78LS120/ 
DS88LS120 incorporates an input threshold voltage offset. 
This feature will force the line receiver to a specific logic 
state if presence of either fault condition exists. 

The receiver input threshold is ±200 mV and an input signal 
greater than ±200 mV insures the receiver will be in a spe- 
cific logic state. When the offset control input is connected 
to a Vcc = 5V, the input thresholds are offset from 200 mV 
to 700 mV, referred to the non-inverting input, or -200 mV 
to -700 mV, referred to the inverting input. Therefore, if 


the input is open or short, the input will remain in a specific 
state (see Figure 16). 

It is recommended that the receiver be terminated in SOOfl 
or less to insure it will detect an open circuit in the presence 
of noise. 

For unbalanced operation, the receiver would be in an inde- 
terminate logic state if the offset control input was open. 
Connecting the offset to + 5V, offsets the receiver thresh- 
old 0.45V. The output is forced to a logic zero state if the 
input is open or short. 

For balanced operation with inputs short or open, receiver C 
will be in an indeterminate logic state. Receivers A and B 
will be in a logic zero state allowing the NOR gate to detect 
the short or open fault condition. The “strobe” input will 
disable the A and B receivers and therefore may be used to 
“sample” the fail-safe detector (see Figure 17). 


DRIVER DS3691 



(OFFSET CONTROL 
INPUT OPEN) 


INPUT VOLTAGE 



(OFFSET CONTROL 
INPUT = 5V) 


0 0.45V 

INPUT VOLTAGE 


FIGURE 16. Fail-Safe Using the DS88LS120 Threshold Offset for Unbalanced Lines 
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FOREWORD 

Not the least of the problems associated with the design or 
use of data processing equipment is the problem of provid- 
ing for or, actually interconnecting the differing types and 
models of equipment to form specific processing systems. 
The magnitude of the problem becomes apparent when one 
realizes that every aspect of the electrical, mechanical and 
architectural format must be specified. The most common 
of the basic decisions confronting the engineer include: 

■ Type of logic (negative or positive) 

■ Threshold levels 

■ Noise immunity 

■ Form of transmission 

• Balanced/unbalanced, terminated/unterminated 

• Unidirectional/bidirectional, simplex/multiplexed 

■ Type of transmission line 

■ Connector type and pin out 

■ Bit or byte oriented 

■ Baud rate 

If each make and/or model of equipment presented a 
unique interface at its I/O ports, “interface” engineering 
would become a major expenditure associated with the use 
of data processing equipment. 

Fortunately, this is not the case as various interested or 
cognizant groups have analyzed specific recurring interface 
areas and recommended “official” standards around which 
common I/O ports could be structured. Also, the I/O speci- 
fications of some equipment with widespread popularity 
such as the IBM 360/370 computer and DEC minicomputer 


have become “defacto” standards because of the desire to 
provide/use equipment which interconnect to them. 
Compliance with either the “official” or “defacto” standards 
on the part of equipment manufacturers is voluntary. How- 
ever, it is obvious that much can be gained and little lost by 
providing equipment that offers either the “official” or “de- 
facto” standard I/O ports. 

As can be imagined, the entire subject of interface in data 
processing systems is complicated and confusing, particu- 
larly to those not intimately involved in the day-to-day as- 
pects of interface engineering or management. However, at 
the component level the questions simplify to knowing what 
standards apply and what circuits or components are avail- 
able to meet the standards. 

This application note summarizes the important electrical 
characteristics of the most commonly accepted interface 
standards and offers recommendations on how to use Na- 
tional Semiconductor integrated circuits to meet those stan- 
dards. 

1.0 INTRODUCTION 

The interface standards covered in this application note are 
listed in Table I. The body of the text expands upon the 
scope and application of each listed standard and summa- 
rizes important electrical parameters. 

Table II summarizes the National Semiconductor IC’s appli- 
cable to each standard. 


TABLE I. Common Line Driver/Receiver Interface Standards Summary 


Interface Area 

Application 

Standard 

Origin 

Comments 

Data Communications 

U.S.A. Industrial 

RS-232C 

EIA 

Unbalanced, Short Lines 

Equipment (DCE*) 


RS-422 

EIA 

Balanced, Long Lines 

to Data Terminal 


RS-423 

EIA 

Unbalanced, 

Equipment (DTE) 


RS-449 

EIA 

RS-232 Up-Grade 
System Standard Covering 
Use of RS-422, RS-423 



RS-485 

EIA 

Balanced, 

Long Line Multipoint 


International 

CCITTVol. VIII V. 24 

International Tele- 

Similar to RS-232 



CCITTNo. 97 X. 26 

phone and Telegraph 

Similar to RS-423 



CCITT No. 97 X. 27 

Consultative 

Committee 

Similar to RS-422 


U.S.A. Military 

M1L-STD-188C 

D.O.D. 

Unbalanced, Short Lines 



MIL-STD-188-114 

D.O.D. 

Similar to RS-422, RS-423 



MlL-STD-1397 

Navy 

42k bits/sec. 



(NTDS-Slow) 

MIL-STD-1397 

(NTDS-Fast) 

Navy 

250k bits/sec 


U.S. Government, 

FED-STD-1020 

GSA 

Identical to RS-423 


Non-Military 

FED-STD-1030 

GSA 

Identical to RS-422 
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TABLE I. Common Line Driver/Receiver Interface Standards Summary (Continued) 


Interface Area 

Application 

Standard 

Origin 

Comments 

Computer to Peripheral 

IBM 360/370 

System 360/370 
Channei I/O 

IBM 

Unbalanced Bus 


DEC Mini-Computer 

DEC Unibus® 

DEC 

Unbalanced Bus 

Instrument to Computer 

Nuclear Instrumentation 

CAMAC 

(lEEEStd. 583-1975) 

NIM (AEC) 

DTL/TTL Logic Levels 


Laboratory instrumentation 

488 

IEEE 

Unbalanced Bus 

Microprocessor to 
Interface Devices 

Microprocessor Circuits 

MicrobusTM 

National 

Semiconductor 

Short Line; 8-Bit Parallel, 
Digital Transmission 

Facsimile Equipment to DTE 

Facsimile Transmission 

RS-357 

EIA 

Incorporates RS-232 

Automatic Calling 
Equipment to DTE 

Impuise Diaiing and 
Multi-Tone Keying 

RS-366 

EIA 

Incorporates RS-232 

Numericaiiy Controlied 
Equipment to DTE 

Numericaiiy Controlled 
Equipment 

RS-408 

EIA 

Short Lines (<4 Ft.) 


• Changed to “Data Circuit-Terminating Equipment" 


TABLE II. Line Driver/Receiver Integrated Circuit Selection Guide for Digital Interface Standards 


Standard 

Part Number 





Designation 

Line Driver 

Line Receiver | 


0°Cto -L70“C 

-55°CtO +125X 

0° to + 70X 

-55“CtO +125°C 1 

U.S. INDUSTRIAL STANDARDS | 

RS-232C 

DS1488 

Not Applicable 

DS1489(A) 

Not Applicable 


DS75150 

Not Applicable 

DS75154 

Not Applicable 

RS-357 

See RS-232C 




RS-366 

See RS-232C 




RS-408 

DS75453 

DS55454 

DS7820A 

DS7820A 


DS75454 

DS55454 

DS75115 

DS55115 

RS-422 

DS3691 

DS1691A 

DS88LS120 

DS78LS120 


DS26LS31C 

DS26LS31M 

DS26LS32C 

DS26LS32M 


DS3487 

DS3587 

DS3486 





DS26LS33C 

DS26LS33M 




DS88C20 

DS78C20 




DS88C120 

DS78C120 

RS-423 

DS3691 

DS1691A 

DS88LS120 

DS78LS120 


DS3692 

DS1692 

DS88C20 

DS78C20 




DS88C120 

DS78C120 

RS-449 

See RS-422, RS-423 




RS-485 

DS3695 


DS3695 


Transceivers 

DS3696 


DS3696 



DS3697 


DS3697 



DS3698 


DS3698 



DS75176A 


DS75176A 


IEEE 488 

DS3666 


DS3666 



DS75160A 


DS75160A 



DS75161A 


DS75161A 



DS75162A 


DS75162A 


CAMAC 

See RS-232C, RS-422, RS-423 or IEEE 488 

IBM 360/370 
I/O Port 

DS75123 

Not Applicable 

DS75124 

Not Applicable 
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TABLE II. Line Driver/Receiver Integrated Circuit Selection Guide for Digital Interface Standards (Continued) 


Part Number 


Line Receiver 


Standard 

Designation 


DEC Unibus® 



Line Driver | 

0°C to +70“C 

-55°Cto -M25°C 

DS36147 

DS16147 

DS8641 

DS7641 

Transceiver 

T ransceiver 

DS3628 

DS1628 

DP8228 

DP8228M 

DP8216 

DP8216M 

DP8212 

DP8212M 

DP8340B 


T ransceiver 



GOVERNMENT STANDARDS 


MIL-STD-188C 


MIL-STD-188-114 


FED-STD-1020 


FED-STD-1030 


MiL-STD-1397 

(NTDS-Slow) 


MiL-STD-1397 

(NTDS-Fast) 


INTERNATIONAL STANDARDS (CCITT) 


DS3692 DS1692 


DS3692 DS1692 


See RS-423 


See RS-422 


Use Discrete Components and/or Comparators 


Use Discrete Components and/or Comparators 


0“to -l-70°C 


DS8640 

DS8641 

Transceiver 


DP8304B 

Transceiver 


DS88LS120 


DS88LS120 


-55°Cto -M25°C 


DS7640 

DS7641 

Transceiver 



DS78LS120 


DS78LS120 


1969 White Book 
Vol.VIII,V. 24 

See RS-232C 

Circular No. 97, X. 26 

See RS-422 

Circular No. 97, X. 27 

See RS-423 



2.0 (DTE) (DCE) 

Data terminal equipment (DTE) to data communications 
equipment (DCE) interface standards 

2.1 Application 

The DTE/DCE standards cover the electrical, mechanical 
and functional interface between or among terminals (i.e., 
teletypewriters, CRT’s etc.) and communications equipment 
(i.e., modems, cryptographies sets, etc.). 

2.2 U.S. Industrial DTE/DCE Standards 
2.2.1 EIA RS-232 

RS-232C is the oldest and most widely known DTE/DCE 
interface standard. Viewed by many as a complete stan- 


dard, it provides for one-way/non-reversible, single ended 
(unbalanced) non terminated line, serial digital data trans- 
mission. Figure 1 shown below illustrates a typical applica- 
tion. See Table III for Specification Summary. 

Important features are: 

* Positive logic (±5V min to ±15V max) 

* Fault protection 

* Slew-rate control 

* 50 feet recommended cable length 

* 20k bits per second data rate 



RS23ZC 

interface" 



FIGURE 1. EIA RS-232C Application 
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2.2.2 EIA RS-422, RS-423 and RS-485 

In a move to upgrade system capabilities by using state-of- 
the-art devices and technology the EIA in 1975, introduced 
two new specifications covering RS-422 balanced and 
RS-423 unbalanced data transmission. Both of these stan- 
dards offered major advantages over the popular RS-232C 
interface. Understanding the advantages of the balanced 
interface RS-422, the EIA introduced in 1983 the RS-485 
Multipoint Systems standard that eliminates several limita- 
tions of RS-422. 

2.2.2. 1 RS-423 

RS-423 closely resembles RS-232C in that, it too specifies a 
one-way/non-reversibie, data transmission. Several key ad- 
vantages of the standard include a 100k Baud data rate at 
30 feet and a balanced receiver offering an input voltage 
common mode (VCM) of +7V. As shown in Figure 2 the 
receiver input is referenced to the driver ground permitting 
ground differences between the driver and receiver. See Ta- 
ble IV for Specification Summary. 

Important features are: 

* Positive iogic (±4V min to ±6V max) 

* Fault protected driver outputs 

* Controiled Slew-rate reduces crosstalk and reflections 

* 30 feet maximum cable length at 100k Baud 

* Differential receiver with ±7V VCM and +200 mV sensi- 
tivity 


2.2.2.2 RS-422 

RS-422 provides for balanced data tranmission with unidi- 
rectional/non-reversible, terminated or non-terminated 
transmission lines. Severai key advantages offered by this 
standard include the differential receiver defined in RS-423, 
a differentiai driver and data rates as high as 10M Baud at 
40 feet. Figure 3 shows a typical interconnect appiication. 
See Table V for Specification Summary. 

2.2.2.3 RS-485 

RS-485 standards accommodates the requirements on a 
balanced transmission line used in party-line circuit configu- 
rations. This standard is similar to RS-422 and is considered 
to be an extension permitting multipoint applications where 
multiple drivers and receivers share the same line in data 
transmission. 

Several key characteristics of the standard that differentiate 
it from RS-422 are; the expanded common mode range of 
both the driver and receiver, (VCM range + 12 to -7V), and 
characteristics that permit 32 drivers and receivers on the 
line. Figure 4 shows a typical party-line application. Note 
that the transmission line which is intended to be 120ft 
twisted pair is terminated at both ends. See Table VI for 
Specifications Summary. 




FIGURE 3. EIA RS-422 Application 

Note: The termination resistor is defined as optional by RS-422. However this termination resistor is highly recommended to reduce the possibility of line reflections 
caused by mis-matched impedance between the cable and the driver. 


D — Driver 
R — Receiver 
T— Transceiver 
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TABLE III. EIA RS-232C Specification Summary 

Symbol 

Parameter 

Conditions 

EIA RS-232C 

Units 

Min 

Typ 

Max 


VoH 

Driver Output Voltage Open 




25 

V 

VoL 

Circuit 


-25 



V 

VqH 

Driver Output Voltage Loaded 

3 kn ^ Rl ^ 7 kn 

5 


15 

V 

VoL 

Output 


-15 


-5 

V 

Ro 

Driver Output Resistance Power Off 

-2V S Vo ^ 2V 



300 

a 

los 

Driver Output Short-Circuit Current 
Driver Output Slew Rate 
All Interchange Circuits 
Control Circuits 
Rate and Timing Circuits 

% of Unit Interval 

-500 

6 

6 

4 


500 

30 

mA 

V/]aS 

V/ms 

V/ms 

% 

Rin 

Receiver Input Resistance 
Receiver Open Circuit Input 
Bias Voltage 
Receiver Input Threshold 
Output = MARK 
Output = SPACE 

3V ^ V|N ^ 25V 

3000 

-2 

-3 


7000 

2 

3 

a 

V 

V 

V 

TABLE IV. EIA RS-423 Specification Summary 

Symbol 

Parameter 

Conditions 

1 EIA RS-423 1 

Units 

1 Min 

Typ 

Max 

<l< 
o lo 

Driver Unloaded Output Voltage 


B 


6 

-6 

> > 

Vt 

Vt 

Driver Loaded Output Voltage 

Rl = 450a 

3.6 

-3.6 



> > 

Rs 

Driver Output Resistance 




50 

a 

los 

Driver Output Short-Circuit Current 

< 

o 

II 

o 

< 



±150 

mA 


Driver-Output Rise and Fall Time 

Baud Rate ^ 1 k Baud 
Baud Rate ^ Ik Baud 



300 

30 

jaS 

% Unit 
Interval 

■ox 

Driver Power OFF Current 

Vo = ±6V 



±100 

fxA 

Vth 

Receiver Sensitivity 

VcM ^ ±7V 



±200 

mV 

VCM 

Receiver Common-Mode Range 




±10 

V 

Rin 

Receiver Input Resistance 
Receiver Common-Mode Input 
Offset 


4000 


±3 

a 

V 

TABLE V. EIA RS-422 Specification Summary 

Symboi 

Parameter 



EIA RS-422 1 

Units 


Min 

Typ 

Max 

<l< 
o lo 

Driver Unloaded Output Voltage 




6 

-6 

V 

V 

Vt 

Vt 

Driver Loaded Output Voltage 

Rt = loon 

2 

-2 



V 

V 

Rs 

Driver Output Resistance 

Per Output 



50 

a 

los 

Driver Output Short-Circuit Current 
Driver Output Rise Time 

> 

o 

II 

o 

> 



150 

10 

mA 

% Unit 
Interval 

lox 

Driver Power OFF Current 

-0.25V ^ Vo ^ 6V 



±100 

fiA 

Vth 

Receiver Sensitivity 

VcM = ±7V 



200 

mV 

VcM 

Receiver Common-Mode Voltage 
Receiver Input Offset 


-12 

±3 


12 

V 

V 

Rin 

Receiver Input Resistance 


4000 



a 
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TABLE VI. EIA RS-485 Specification Summary 

Symbol 

Parameter 

Conditions 

EIA RS-485 

Units 

Min 

Typ 

Max 

Vq 

Vo 

Driver Unloaded Output Voltage 





V 

>l> 

Driver Loaded Output Voltage 

Rt = loon 

RS-422 

2 

-2 



V 

V 

Rt = 54H, CL = 50 pF 
RS-485 

1.5 

-1.5 



V 

V 

>os 

Driver Output Short-Circuit Current 

< < 
o o 

11 II 

1 1+ 

■-J -* 



250 

-250 

< < 
E E 

Vos 

Driver Common Mode Output Voltage 




3 

V 

Vos-Vos 

Difference in Common Mode Offset 




0.2 

V 

Vth 

Receiver Sensitivity 

-7V^ VcM ^ +12V 



200 

mV 

VcM 

Receiver Common Mode Voltage 


-7 


+ 12 

V 

Rin 

Receiver Input Resistance 


12k 



n 

2.3 International Standards b) The driver 

2.3.1 CCITT 1969 White Book Vol. VIII, V.24. This standard of 3-9 kft. 

is identical to RS-232C. 2 4 U S Milit 

2.3.2 CCITT circular No. 97 Com SPA/13, X. 26. This stan- 9 4 i Mil <iT 

dard is similar to RS-422 \«ith the exception that the receiver MIL-ST 

sensitivity at the specified maximum common-mode voltage The military e 

( + 7V) shall be +300 mV vs ±200 mV for RS-422. os intended 

2.3.3 CCITT circular No. 97 Com SPA/1 3, X. 27. This stan- 
dard is similar to RS-423 with 2 exceptions: 

ceiver end. 

a) The receiver sensitivity is as specified in paragraph X.26, 
and 

7V 

J / 1 1 MILSTD-IBSC 1 

Cf-XT INTERFACE H 

"'"o- ';>o— 

1/4 DS1691 

FIGURE 5. MIL-STD-188C Appllcati 
TABLE VII. MIL-STD-188C Specification S 

output voltage is specified at a load resistance 

3ry Standards 
D-188C (Low Level) 

quivalent to RS-232C is M1L-STD-188C. Devic- 
or RS-232C can be applied to MIL-STD-188C 
ernal wave shaping components on the driver 
t resistance and threshold tailoring on the re- 

^ \_oDATA 

1/4 DS7BLS120 

TL/F/5855-5 

on 

Summary 

Symbol 

Parameter 

Conditions 

MIL-STD-188C 
Low Level Limits 

Units 

Min 

Typ 

Max 

Vol 

Driver Output Voltage Open Circuit 

(Note 1) 

5 


7 

V 

Vol 



-7 


-5 

V 

Ro 

Driver Output Resistance Power ON 

Iqut ^10 niA 



100 

n 

los 

Driver Output Short-Circuit Current 
Driver Output Slew Rate 
All Interchange Circuits 
Control Circuits 
Rate and Timing Circuits 

(Note 2) 

-100 

5 


100 

15 

mA 
% lU 

R|n 

Receiver Input Resistance 
Receiver Input Threshold 
Output = MARK 
Output = SPACE 

Mode Rate ^ 200k Baud 
(Note 3) 

6 

-100 


100 

kn 

(xA 

jxA 

Note 1: Ripple <0.5%, Vqh. Vql matched to within 10% of each other. 

Note 2: Waveshaping required on driver output such that the signal rise or fall time is 5% to 15% of the unit inten/al at the applicable modulation rate. 
Note 3: Balance between marking and spacing (threshold) currents actually required shall be within 10% of each other. 
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MIL'STD IBB'114 
BALANCED INTERFACE 



FIGURE 6. MIL-STD-188-114 (Balanced Applications) 


2.4.2 MIL-STD-188-114 Balanced 

This standard is similar to RS-422 with the exception that 
the driver offset voltage level Is limited to ±0.4V vs ±3V 
allowed in RS-422. 

2.4.3 MIL-STD-188-114 Unbalanced. 

This standard is similar to RS-423 with the exception that 
loaded circuit driver output voltage at Rl = 450fl must be 
90% of the open circuit output voltage vs ±2V at Rs = 
lOOn for RS-422. 

2.4.4 MIL-STD-1397 (Slow and Fast) 

2.5 FED-STD-1020/1030 

U.S. Government (non-military) standards FED-STD-1020 
and 1030 are identical without exception to EIA RS-423 and 
RS-422, respectively. 


3.0 COMPUTER TO PERIPHERAL INTERFACE 
STANDARDS 

To date, the only standards dealing with the interface be- 
tween processors and other equipment are the "defacto” 
standards in the form of specifications issued by IBM and 
DEC covering the models 360/370 I/O ports and the Uni- 
bus, respectively. 

3.1 GA-22-6974-0 

IBM specification GA-22-6974-0 covers the electrical char- 
acteristics, the format of information and the control se- 
quences of the data transmitted between 360/370’s and up 
to 10 I/O ports. 

The Interface is an unbalanced bus using 95ft, terminated, 
coax cables. Devices connected to the bus should feature 
short-circuit protection, hysteresis in the receivers, and 
open-emitter drivers. Careful attention should be paid to line 
lengths and quality in order to limit cable noise to less than 
400 mV. 



TABLE VIII. MIL-STD-1397 Specification Summary 


Conditions 



Data Transmission Rate 


Driver Output Voltage 


Driver Output Current 


Driver Power OFF Impedance 


Receiver Input Voltage 



Fail-Safe Open Circuit 


Comparison Limits 
(MIL-STD) 

1397 

1397 

(Slow) 

(Fast) 

42 

250 

+ 1.5 

0 

-lOtO -15.5 

-3 

S -4 


1 


S100 


^4.5 

^-1.1 

IV 

1 

bi 

^-1.9 


k Bits/Sec 
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FIGURE 7. IBM 360/370 I/O Application 


TL/F/5855-7 


TABLE IX. IBM 360/370 Specification Summary 


Symbol 

Parameter 

Conditions 

IBM 360/370 

Units 

Min 

Typ 

Max 

VoH 

Driver Output Voltage 

Iqh ~ 123 mA 



7 

V 

Vqh 


Iqh = 30 fA 



5.85 

V 

VoH 


Iqh ~ 59.3 mA 

3.11 



V 

VoL 


Iql ~ “240 jaA 



0.15 

V 

V|H 

Receiver Input Threshold 




1.7 

V 

V|L 

Voltage 


0.7 



V 

l|H 

Receiver Input Current 

V|N = 3.11V 



-0.42 

mA 

l|L 


V|N = 0.15V 

0.24 



mA 


Receiver Input Voltage Range 






V|N 

Power ON 




7 


V|N 

Power OFF 


msm 


6 

IQH 

V|N 

Power ON 


na 


7 


V|N 

Power OFF 




6 


Rin 

Receiver Input Impedance 

0.15V S ViN ^ 3.9V 

7400 



a 

l|N 

Receiver Input Current 

V|N = 0.15V 



240 

)liA 

Zo 

CABLE Impedance 


83 


101 

a 

Ro 

CABLE Termination 

Pp ^ 390 mW 

90 


100 

a 

I 

Line Length (Specified as 




400 

mV 


Noise on Signal and Ground Lines) 







5V 



FIGURE 8. DEC Unibus Application 


TL/F/5855-8 
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Symbol 

Parameter 

Conditions 

DEC Unibus 

Units 

Min 

Typ 

Max 

VoL 

Driver Output Voltage 

loL — 50 mA 



0.7 

V 

Vo 


Absolute Maximum 



7 

V 

V|H 

Receiver Input Voltage 


1.7 



V 

V|L 





1.3 

V 

l|H 

Receiver Input Current 

V|N = 4V 



100 

fiA 

l|L 


V|N = 4V Power OFF 



100 

fiA 


TABLE X. DEC Unibus Specification Summary 


3.2 DEC UNIBUS 

Another example of an unofficial industry standard is the 
interface to a number of DEC minicomputers. This interface, 
configured as a 120ft double-terminated data bus is given 
the name Unibus. Devices connected to the bus should fea- 
ture hysteresis in the receivers and open-collector driver 
outputs. Cable noise should be held to less than 600 mV. 

4.0 INSTRUMENTATION TO COMPUTER INTERFACE 
STANDARDS 

4.1 INTRODUCTION 

The problem of linking instrumentation to processors to 
handle real-time test and measurement problems was large- 
ly a custom interface problem. Each combination of instru- 
ments demanded unique interfaces, thus inhibiting the wide 
spread usage of small processors to day-to-day test, mea- 
surement and control applications. 

Two groups addressed the problem for specific environ- 
ments. The results are: 

a) IEEE 488 bus standard based upon proposals made by 
HP, and 

b) The CAMAC system pioneered by the nuclear physics 
community. 


4.2 IEEE 488 

IEEE 488 covers the functional, mechanical and electrical 
interface between laboratory instrumentation (i.e., signal 
generators, DPM’s, counters, etc.) and processors such as 
programmable calculators and minicomputers. Equipment 
with IEEE 488 I/O ports can be readily daisy chained in any 
combination of up to 15 equipments (including processor) 
spanning distances of up to 60 feet. 16 lines (3 handshake, 

5 control and 8 data lines) are required. 

TABLE XI. IEEE 488 Specification Summary 


4.3 CAMAC 

The CAMAC system is the result of efforts by those in the 
nuclear physics community to standardize the interface be- 
tween laboratory instruments and computers before the in- 
troduction of IEEE 488. 

It allows either serial or parallel interconnection of instru- 
ments via a “crate” controller. 

The electrical requirements of the interfaces are compatible 
with DTL and TTL logic levels. 

5.0 MICROPROCESSOR SYSTEMS INTERFACE 
STANDARDS 

5.1 Microprocessor Systems 

Microprocessor systems are bus organized systems with 
two types of bus requirements: 

a) Minimal system: for data transfer over short distances 
(usually on 1 PC board), and, 

b) Expanded system: for data transfer to extend the memo- 
ry or computational capabilities of the system. 

5.2 Minimal Systems and Microbus 

Microbus considers the interface between MOS/LSI micro- 
processors and interfacing devices in close physical proxim- 
ity which communicate over 8-bit parallel unified bus sys- 
tems. It specifies both the functional and electrical charac- 
teristics of the interface and is modeled after the 8060, 8080 
and 8090 families of microprocessors as shown in Figures 
10. 11 and 12. 

The electrical characteristics of Microbus are shown in Ta- 
ble XII. 


Symbol 


Parameter 


Conditions 


IEEE 488 


Min 


Typ 


Max 


Units 


Vqh 

VoL 


Driver Output Voltage 


Iqh = “5-2 mA 
Iql = 48 mA 


2.4 


0.4 


Iqz 

•oh 


Driver Output Current 
TRI-STATE® 

Open Collector 


Vo = 2.4V 
Vo = 5.25V 


±40 

250 


ju,A 

JU.A 


V|H 

V|L 


Receiver Input Voltage 


0.4V Hysteresis Recommended 


2.0 


0.8 


l|H 

l|L 


Receiver Input Current 


V|N = 2.4V 
V|N = 0.4V 


40 

- 1.6 


/0.A 

mA 


Receiver Clamp Current 


V|N = -1.5V 


12 


mA 


Rli 

Rl2 


Termination Resistor 


Vcc = 5V(±5%) 
V = Gnd 


2850 

5890 


3150 

6510 
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TABLE XII. MIcrobus Electrical Specification Summary 


Symbol 

Parameter 

Driver 

Receiver 

Units 

Standard 

Hysteresis 

(Recommended) 

VoL 

Output Voltage (At 1 .6 mA) 

^0.4V 




VOH 

(At -100 tiA) 

^2.4V 




V|L 

Input Voltage 


0.8 

0.6 

V 

V|H 



2.0 

2.0 

V 


Internal Capacitive Load at 25°C 

15 

10 

10 

PF 

tr 

Rise Time (Maximum) 

100 



ns 

tf 

Fall Time (Maximum) 

100 



ns 




FIGURE 10. 8060 SC/MP II System Moldel 
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FIGURE 11. 8080 System Model for the Basic Microbus 
Interface 
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FIGURE 12. 8900 System Model 


5.3 Expanded Microprocessor System Interfaces 

Since the outputs of most microprocessor devices are limit- 
ed to a loading of one relative to a TTL load, expanded 
system will require buffers on both their address and data 
lines. 

To date, no formal standards exist which govern this inter- 
face. However, “defacto” standards are emerging in the 
form of the specifications for “recommended devices” 
which are mentioned in the data sheets and application 
notes for the widely sourced microprocessor devices. Here, 
the answer to the question of how to provide a “standard” 
interface is simplified to that of proper usage of recom- 
mended devices. 

Table XIII summarizes the important electrical characteris- 
tics of recommended bus drivers for expanded microproc- 
essor systems. 


TABLE XIII. Recommended Specification of Bus Drivers for Expanded Microprocessor Systems 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 



2 



V 

V|L 





0.8 

V 

VoH 

Driver Output Voltage 

Iqh = -10 mA 

2.4 



V 

VoL 


Iql = 48 mA 



0.5 

V 

Iqs 

Short-Circuit Current 

Vcc = 5.25V 



-150 

mA 

Cl 

Bus Drive Capability 


300 



PF 


6.0 OTHER INTERFACE STANDARDS 

Some other commonly occurring interfaces which have be- 
come standardized are: 

a) Interface between facsimile terminals and voice frequen- 
cy communication terminals, 

b) Interface between terminals and automatic calling equip- 
ment used for data communications, and 

c) Interface between numerically controlled equipment and 
data terminals. 
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6.1 EIA RS-357 

RS-357 defines the electrical, functional and mechanical 
characteristics of the interface between analog facsimile 
equipment to be used for telephone data transmission and 
the data sets used for controlling/transmitting the data. 
Figure 13 summarizes the functional and electrical charac- 
teristics of RS-357. 


6.2 EIA RS-366 

RS-366 defines the electrical, functional and mechanical 
characteristics of the interface between automatic calling 
equipment for data communications and data terminal 
equipment. 

The electrical characteristics are encompassed by RS- 
232C. 



FIGURE 13. Functional and Electrical Characteristics RS-357 
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6.3 EIA RS-408 

RS-408 recommends the standardization of the 2 interfaces 
shown in Figure 14. 

The electrical characteristics of NCE to DTE interface are, 
in summary, those of conventional TTL drivers (series 7400) 
with: 

VoL ^ 0.4V at loL = 48 mA 
Vqh ^ 2.4V at Iqh ^ -1.2 mA, and 
Cl ^ 2000 pF. 

Short circuit protection should be provided. 



SWITCHED OR DEDICATED, 
COMMON CARRIER, OR 
PRIVATE LINE TO DATA 
SOURCE/SINK 


(TYPICALLY A MODEM 
IF INCLUDED IN 
SYSTEM) 


(TYPICALLY INCLUDES 
SERIAL TO PARALLEL 
CONVERTER, ETC.) 


(TYPICALLY COULD 
INCLUDE A SWITCH TO 
SELECT EITHER LOCAL 
TAPE READER OR DATA 
TERMINAL EQUIPMENT) 


(TYPICALLY A MACHINE 
TOOL. DRAFTING TABLE, 
ETC.) 


FIGURE 14. EIA RS-408 Interface Applications 
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Transceivers and 
Repeaters Meeting the EIA 
RS-485 Interface Standard 


National Semiconductor 
Application Note 409 
Sivakumar Sivasothy 



INTRODUCTION 

The Electronics Industries Association (EIA), in 1983, ap- 
proved a new balanced transmission standard called RS- 
485. The EIA RS-485 standard addresses the problem of 
data transmission, where a balanced transmission line is 
used in a party-line configuration. It is similar in many re- 
spects to the popular EIA RS-422 standard; in fact RS-485 
may be considered the outcome of expanding the scope of 
RS-422 to allow multipoint — multiple drivers and receivers 
sharing the same line — data transmission. The RS-485 
standard, like the RS-422 standard, specifies only the elec- 
trical characteristics of the driver and the receiver to be 
used at the line interface; it does not specify or recommend 
any protocol. The protocol is left to the user. 

The EIA RS-485 standard has found widespread accept- 
ance and usage since its ratification. Users are now able to 
configure inexpensive local area networks and multi-drop 
communication links using twisted pair wire and the protocol 
of their choice. They also have the flexibility to match cable 
quality, signalling rate and distance to the specific applica- 
tion and thus obtain the best tradeoff between cost and 
performance. The acceptance of the RS-485 standard is 
also reflected by the fact that other standards refer to it 
when specifying multipoint data links. The ANSI (American 
National Standards Institute) standards IPI (Intelligent Pe- 
ripheral Interface) and SCSI (Small Computer Systems In- 
terface) have used the RS-485 standard as the basis for 
their voltage mode differential Interface class. The IPI stan- 
dard specifies the interface between disc drive controllers 
and host adapters and requires a data rate of 2.5 megabaud 
over a 50 meters NRZ data link. The SCSI standard speci- 


fies the interface between personal computers, disc drives 
and printers at data rates up to a maximum of 4 megabaud 
over 25 meters. 

It is not possible to use standard gate structures and meet 
the requirements of RS-485. The modifications necessary to 
comply with the DC requirements of the standard, tend to 
exact a heavy toll on speed and other AC characteristics 
like skew. However, it is possible to vastly improve the ac 
performance by employing special design techniques. The 
DS3695 family of chips made by National Semiconductor 
meets all the requirements of EIA RS-485, and still provides 
ac performance comparable with most existing RS-422 de- 
vices. The chip set consists of four devices; they are the 
DS3695/DS3696 transceivers and the DS3697/DS3698 re- 
peaters. National’s RS-485 devices incorporate several fea- 
tures in addition to those specified by the RS-485 standard. 
These features provide greater versatility, easier use and 
much superior performance. This article discusses the re- 
quirements of a multi-point system, and the way in which 
RS-485 addresses these requirements. It also explains the 
characteristics necessary and desirable in the multi-point 
drivers and receivers, so that these may provide high per- 
formance and comply with generally accepted precepts of 
data transmission practice. 

WHY RS-485? 

Until the introduction of the RS-485 standard, the RS-422 
standard was the most widely accepted interface standard 
for balanced data transmission. The RS-422 drivers and re- 
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FIGURE la. An RS-422 Configuration 
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ceivers were intended for use in the configuration shown in 
Figure la. The driver is at one end of the line; the termina- 
tion resistor (equal to 100fl) and up to 10 receivers reside at 
the other end of the line. This approach works well in sim- 
plex (unidirectional) data transmission applications, but cre- 
ates problems when data has to be transmitted back and 
forth between several pieces of equipment. If several Data 
Terminal Equipments (DTEs) have to communicate with one 
another over long distances using RS-422 links, two such 
balanced lines have to be established between each pair of 
DTEs. The hardware cost associated with such a solution 
would normally be unacceptable. 

A party line is the most economical solution to the above 
problem. RS-422 hardware could conceivably be used to 
implement a party line if the driver is provided with 
TRI-STATE® capability, but such an implementation would 
be subjected to severe restrictions because of inadequacies 
in the electrical characteristics of the driver. The biggest 
problem is caused by ground voltage differences. The com- 
mon mode voltage on a balanced line is established by the 
enabled driver. The common mode voltage at the receiver is 
the sum of the driver offset voltage and the ground voltage 
difference between the driver and the receiver. In simplex 
systems only the receiver need have a wide common mode 
range. Receiver designs that provide a wide common mode 
range are fairly straightforward. In a party-line network sev- 
eral hundred feet long, in which each piece of equipment is 
earthed at a local ac outlet, the ground voltage difference 
between two DTEs could be as much as a few volts. In such 
a case both the receiver and the driver must have a wide 
common mode range. Most RS-422 drivers are not de- 
signed to remain in the high impedance state over a wide 
enough common mode range, to make them immune to 
even small ground drops. 

Classical line drivers are vulnerable to ground drops be- 
cause of their output stage designs. A typical output stage is 
shown in Figure 2a. Two such stages driven by complemen- 
tary input signals, may be used to provide the complementa- 
ry outputs of a differential line driver. Transistors Q1 and Q4 
form a Darlington pull up for the totem pole output stage; Q2 
is the pull down transistor. The phase splitter Q3 switches 
current between the upper and lower transistors to obtain 
the desired output state. DSUB is the diode formed by the 
collector of Q2 and the grounded substrate of the integrated 
circuit. The output in Figure 2a can be put into the high 
impedance state by pulling down the bases of transistors 
Q3 and Q4. Unfortunately, the high impedance state cannot 
be maintained if the output is pulled above the power supply 
voltage or below ground voltage. In party-line applications, 
where ground voltage differences of a few volts will be com- 
mon, it is essential that the drivers be able to hold the high 
impedance state while their outputs are taken above Vcc 
and below ground. 


The output in Figure 2a can be taken high until the emitter- 
base junction of Q1 breaks down. Thereafter, the output will 
be clamped to a zener voltage plus a base-collector diode 
voltage above Vcc: Vcc could be zero if the device is pow- 
ered off. If the output is taken below ground, it will cause the 
substrate diode, DSUB, associated with Q2 to turn on and 
clamp the output voltage at a diode drop below ground. If a 
disabled driver turns on and clamps the line, the signal put 
out by the active driver will get clipped and distorted. It is 
also possible for ground drops to cause dangerously large 
substrate currents to flow and damage the devices as illus- 
trated in Figure 2b. Figure 2b depicts two drivers A and B; it 
shows the pull down transistors (Q2A and Q2B) and their 
associated substrate diodes (DSUB-A and DSUB-B) for the 
two drivers A and B. Here driver A is ON in the low output 
state; driver B is disabled, and therefore, should neither 
source nor sink current. The ground of driver A is 3 volts 
lower than that of driver B. Consequently, the substrate di- 
ode DSUB-B sees a fonvard bias voltage of about 2.7V (the 
collector-emitter voltage of Q2A will be about 0.3V), which 
causes hundreds of milliamperes of current to flow out of it. 
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FIGURE 2a. Driver Output Stage 
(not RS-485) 
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FIGURE 2b. Two DCEs Separated by a Ground Drop 
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FIGURE 2c. Bus Contention 
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Another problem is line contention, i.e. two drivers being 
'ON’ simultaneously. Even if the protocol does not allow two 
drivers to be on at the same time, such a contingency could 
arise as a result of a fault condition. A line contention situa- 
tion, where two drivers are on at the same time, is illustrated 
in Figure 2c. Here, drivers A and B are ‘ON’ simultaneously: 
driver A is trying to force a high level on the line whereas 
driver B is trying to force a low level. Transistors QIA and 
Q2B are ’ON’ while transistors Q2A and 01 B are ‘OFF’. As 
a result, a large current is sourced by QIA and sunk by 
Q2B; the magnitude of this current is limited only by the 
parasitic resistances of the two devices and the line. The 
problem is compounded by any ground drop that may exist 
between the two contending drivers. This large contention 
current can cause damage to one or both of the contending 
drivers. Most RS-422 drivers are not designed to handle line 
contention. 

A multi-point driver should also be capable of providing 
more drive than a RS-422 driver. The RS-422 driver is only 
required to drive one lOOfl termination resistor, and ten re- 
ceivers each with an input impedance no smaller than 4 kft. 
A party-line, however, would have to be terminated at both 
ends; it should also be able to drive more devices to be 
useful and economical. 

Because of the above limitations, it is quite impractical to 
use RS-22 hardware to interconnect systems on a party- 
line. Clearly, a new standard had to be generated to meet 


the more stringent hardware requirements of muti-point data 
links. 

THE RS-485 STANDARD 

The RS-485 standard specifies the electrical characteristics 
of drivers and receivers that could be used to Implement a 
balanced milti-point transmission line (party-line). A data ex- 
change network using these devices will operate properly in 
the presence of reasonable ground drops, withstand line 
contention situations and carry 32 or more drivers and re- 
ceivers on the line. The intended transmission medium is a 
120fl twisted pair line terminated at both ends in its charac- 
teristic impedance. The drivers and receivers can be distrib- 
uted between the termination resistors as shown in Figure 
1b. 

The effects of ground voltage differences are mitigated by 
expanding the common mode voltage (Vcm) range of the 
driver and the receiver to -7V < Vcm < -I-12V. A driver 
forced into the high impedance state, should be able to 
have its output taken to any voltage in the common mode 
range and still remain in the high impedance state, whether 
powered on or powered off. The receiver should respond 
properly to a 200 mV differential signal super-imposed on 
any common mode voltage in this range. With a 5V power 
supply, the common mode voltage range specified by RS- 
485 has a 7V spread from either supply terminal. The sys- 
tem will therefore perform properly in the presence of 
ground drops and longitudinally coupled extraneous noise, 
provided that the sum of these is less than 7 volts. 
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The output drive capability of the driver and the input imped- 
ance of the receiver are increased to accommodate two 
termination resistors and several devices (drivers, receivers 
and transceivers) on the line. The RS-485 standard defines 
a ‘unit load’ so that the load presented to the line by each 
device can be expressed in terms of unit loads (a 12 kfl 
resistor, with one end tied to any voltage between ground 
and Vcc/2, will satisfy the requirements of a unit load). It 
was anticipated that most manufacturers would design their 
drivers and receivers such that the combined load of one 
receiver and one disabled driver would be less than one unit 
load. This would require the RS-485 receiver to have three 
times the input resistance of a RS-422 receiver. The re- 
quired receiver sensitivity is ± 200 mV — the same as for RS- 
422. The driver is required to provide at least 1.5V across its 
outputs when tied to a terminated line populated with 32 
transceivers. Although this output voltage is smaller than 
the 2.0V specified for RS-422, a careful design of the driver, 
with special regard to ac performance, can allow the user to 
operate a multi-point network at data rates and distances 
comparable to RS-422. 

RS-485 has additional specifications to guarantee device 
safety in the event of line contention or short circuits. An 
enabled driver whose output is directly shorted to any volt- 
age in the common mode range, is required to limit its cur- 
rent output to ±250 mA. Even with such a current limit, it is 
possible for a device to dissipate as much as 3 Watts (if the 
device draws 250 mA while shorted to 12 volts). Power dis- 
sipation of such a magnitude will damage most ICs; there- 
fore, the standard requires that manufacturers include some 
additional safeguard(s) to protect the devices in such situa- 
tions. 

The ±250 mA current limit also sen/es another purpose. If a 
contending driver is abruptly turned off, a voltage transient, 
of magnitude lc2/2, is reflected along the line as the line 
discharges its stored energy (Iq is the contention current 
and Z is the characteristic impedance of the line). This volt- 
age transient must be small enough to avoid breaking down 
the output transistors of the drivers on the line. If the con- 
tention current is limited to 250 mA, the magnitude of this 
voltage transient, on a 120n line, is limited to 15V, a value 
that is a good compromise between transistor breakdown 
voltage and speed. 

AC PERFORMANCE 

To achieve reliable transmission at high data rates over long 
distances, the driver should have optimum ac characteris- 
tics. The response should be fast and the output transients 
sharp and symmetrical. 

(1) Propagation Delay: The propagation delay through the 
driver should be small compared to the bit interval so 
that the data stream does not encounter a bottle-neck at 
the driver. If the propagation delay is comparable to the 
bit interval, the driver will not have time to reach the full 
voltage swing it is capable of. In lines a few hundred feet 
long, the line delay would impose greater limits on data 
throughput than the driver propagation delay. However, 
a fast driver would be desirable for short haul networks 
such as those in automobile vehicles or disc drives; in 
the latter case high data throughput would be essential. 
Driver propagation delays less than 20 ns would be very 
good for a wide range of applications. 

(2) Transition Time: For distortion free data transmission, 
the signal at the farthest receiver must have rise and fall 
times much smaller than the bit interval. Signal distortion 
results from driver imbalance, receiver threshold offset 


and skew. RS-485 limits the DC imbalance in the driver 
output to ±0.2V i.e., 13% of worst-case signal ampli- 
tude. Usually, the greatest distortion is caused by offset 
in the receiver threshold. In a long line in which a 1.5V 
driver output signal amplitude is attenuated by the loop 
resistance to about 0.4V, a 200 mV offset in the receiver 
threshold can cause severe pulse width distortion if the 
rise time is comparable to the bit interval. For lines long- 
er than about five hundred feet, the rise time would be 
dominated by the line and not the driver. In short-haul 
networks, the transient response of the driver can signifi- 
cantly affect signal distortion; a faster transient creates 
less distortion and hence permits a smaller bit interval 
and a higher baud rate. A rise time less than 20 ns will be 
a good target spec., for it will permit a baud rate of 10 
Meg over 50' of standard twisted pair wire with less than 
5% distortion. 

The driver should provide the above risetime and propa- 
gation delay numbers while driving a reasonable capaci- 
tance, say 100 pF from each output, in addition to the 
maximum resistive load of 54H. A properly terminated 
transmission line appears purely resistive to the driver. 
Most manufacturers take this into account and specify 
their driver delays with 15 pF loads. However, if any dis- 
abled transceivers are situated close to the driver (such 
that the round trip delay is less than the rise time), the 
input capacitances of these transceivers will appear as 
lumped circuit loads to the driver. The driver output rise 
time will then be affected by all other devices in such 
close proximity. In the case of high speed short-haul net- 
works, where rise time and propagation delay are critical, 
several devices could be clustered in a short span. In 
such an instance, specifying propagation delays with 
15 pF loads is quite meaningless. A 100 pF capacitive 
load is more reasonable; even if we allocate a generous 
20 pF per transceiver, it allows up to six transceivers to 
be clustered together in an eight foot span (the eight foot 
span is the approximate round trip distance travelled by 
the wavefront in one rise time of 20 ns). 

(3) Skew: The ideal differential driver will have the following 
waveform characteristics: the propagation delay times 
from the input to the high and low output states will be 
equal; the rise and fall times of the complementary out- 
puts will be equal and the output waveforms will be per- 
fectly symmetrical. 

If the propagation delay to the low output state is differ- 
ent from the propagation delay to the high output state, 
there is said to be ‘propagation skew’ between output 
states. If a square wave input is fed into a driver with 
such skew, the output will be distorted in that it will no 
longer have a 50% duty cycle. 

If the mid-points of the waveforms from the two comple- 
mentary driver outputs are not identical, there is said to 
be SKEW between the complementary outputs. This 
type of skew is undesirable because it impairs the noise 
immunity of the system and increases the amount of 
electromagnetic emission. 

Figure 3a shows the differential signal from a driver that 
has no skew. Figure 3b shows the case when there is 80 
ns of skew. The first signal makes its transition uniformly 
and passes rapidly through OV. The second waveform 
flattens out for tens of nanoseconds near OV. Unfortu- 
nately, this flat region occurs near the receiver threshold. 
A common mode noise spike hitting the inputs of a 
slightly unbalanced receiver would create a small differ- 
ential noise pulse at the receiver inputs. If this noise 
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pulse occurs when the driver transition is flat near OV, 
there will be a glitch at the receiver output. A glitch could 
also occur if a line reflection reaches the receiver input 
when the driver transition is temporarily flat. Skew is in- 
sidious in that it can cause erroneous outputs to occur at 
random. It can also increase the amount of electromag- 
netic interference (EMI) generated by the transmission 
system. If the complementary outputs are perfectly sym- 
metrical, and the twisted pair medium is perfectly bal- 
anced, the radiation from one wire is cancelled exactly 
by the radiation from the other wire. If there is skew be- 
tween the outputs, there will be net radiation proportion- 
al to the skew. 

(4) Balance: The impedance seen looking into each of the 
complementary Inputs of the transceiver should be iden- 
tical. If there is any imbalance at these nodes, the com- 
mon mode rejection will be degraded. Any DC imbal- 
ance, due to a mismatch in the receiver input resistanc- 
es, will manifest itself as an offset in the receiver thresh- 
old, and can be easily detected during testing. AC imbal- 
ance is more difficult to detect, but it can hurt noise im- 
munity at high frequencies. A sharp common mode noise 
spike striking an unbalanced receiver will cause a spuri- 
ous differential signal. If the receiver is fast enough (as it 
is bound to be in most cases), it will respond to this noise 
signal. It is best to keep the imbalance below 4 pF. This 
number is reasonable to achieve; in addition, the com- 
bined imbalance of 32 transceivers will still provide suffi- 
cient immunity from h.f. interference. 

DESIGN CONSIDERATIONS 

The driver poses the greatest design challenge. Its speed, 
drive and common mode voltage requirements are best met 
using a bipolar process. National Semiconductor uses an 
established Schottky process with a 5ja deep epitaxial layer. 
NPN transistors are fabricated with LVCEO values greater 
than 15V to satisfy the breakdown requirements. It will be 


seen that lateral PNP transistors are crucial to the driver. 
The 5fi EPI process provides adequate lateral PNP transis- 
tors, and NPN transistors of sufficient speed. 

Figure 4 shows the driver output circuit used by National. It 
is a standard totem pole output circuit modified to provide a 
common mode range that exceeds the supply limits. If the 
driver output is to be taken to - 7V while the driver is in TRI- 
STATE, precautions must be taken to prevent the substrate 
diodes from turning on. This is achieved in the lower output 
transistor Q1 by including Schottky diode SI in series. The 
only way to isolate the upper half of the totem pole from the 
substrate is by using a lateral PNP transistor. In Figure 4, a 
lateral PNP transistor is used to realize current source IG. 
Lateral PNP transistors are, however, notoriously slow; the 
trick therefore is not to use the PNP transistor in the switch- 
ing path. In the circuit shown, the PNP transistor is a current 
source which feeds NPN transistor Q2 and therefore, does 
not participate in the switching function. This allows Nation- 
al’s driver to have 15 ns propagation delays and 10 ns rise 
times. A Darlington stage cannot be used instead of Q2 
because it would reduce the voltage swing below the 1.5V 
specification. Consequently, the rise time is bound to be 
significantiy larger than the fall time, resulting in a large 
skew. National’s driver uses a patented circuit with a plurali- 
ty of discharge paths, to slow down the fall time so that it 
matches the rise time, and to keep the two transition times 
on track over temperature. This keeps the skew small (2 ns 
typical at 25°C) over the entire operating temperature range. 
The symmetry of the complementary outputs of National’s 
DS3695 driver can be seen from the photographs in Figure 
5. The lateral PNP transistor which has been kept out of the 
switching path has nevertheless got to be turned on or off 
when the driver is respectively enabled or disabled. Another 
patented circuit is used to hasten turn-on and turn-off of the 
lateral PNP transistors so that these switch in 25 ns instead 
of in 100 ns. Consequently, the driver can be enabled or 
disabled in 35 ns. 
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Complementary Outputs 
of National’s RS-485 Driver 
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Differential Output 
of National’s RS-485 Driver 
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The devices must be protected in fauit conditions and con- 
tention situations. One way of doing this is by sensing cur- 
rent and voltage to determine power, and then if necessary, 
turning the device off or limiting its output current to prevent 
damage. This method has the advantage of fast detection 
of a fault and rapid recovery from one. However, too many 
contingencies have to be accounted for; the corresponding 
circuitry will increase the die size and the cost beyond what 
would be acceptable in many low cost applications. National 
preferred the simpler and inherently more reliable thermal 
shutdown protection scheme. Here, the device is disabled 
when the die temperature exceeds a certain value. This 
method is somewhat slower (order of milliseconds), but fast 
enough to protect the part. A fault would usually result from 
a breakdown in network protocol or from a hardware failure. 
In either case it is immaterial how long the device takes to 
shut down or recover as long as it stays undamaged. It 
would be useful to be notified of the occurrence of a fault in 
any particular channel, so that remedial action may be tak- 


en. Two of National’s devices, the DS3696 receiver and the 
DS3698 repeater, provide a fault reporting pin which can 
flag the processor or drive an alarm LED in the event of a 
fault. National also decided to make its devices as single 
transceivers housed in 8 pin mini DIP packages. If thermal 
shutdown protection is employed, it is pointless to have dual 
or quad versions because a faulty channel will shut down a 
good one. Since most RS-485 applications will employ sin- 
gle channel serial data, the 8 pin package will give optimum 
flexibility, size and economy. 

The receiver has 70 mV (typical) hysteresis for improved 
noise immunity. Hysteresis can contribute some distortion, 
especially in short lines, if the rise and fall times are differ- 
ent. However, this is more than adequately compensated 
for by the noise immunity it provides with long lines where 
rise times are slow. The matched rise and fall times with 
National’s drivers assure low pulse width distortion even at 
short distances and high data rates. 
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Low Power RS-232C Driver 
and Receiver in CMOS 


National Semiconductor 
Application Note 438 
Gordon W. Campbell 



This article sets out to describe the new innovative low pow- 
er CMOS RS-232C driver and receiver IC’s introduced by 
National Semiconductor with particular reference to the EIA 
RS-232C standard. Comparison will also be made with ex- 
isting bipolar driver and receiver circuits. 

The DS14C88 and DS14C89A are monolithic MOS circuits 
utilizing a standard CMOS process. Important features are a 
wide operating voltage range (4.5V- 12.6V), together with 
ESD and latch up protection and proven reliability. 

The Electronics Industries Association released Data Termi- 
nal Equipment (DTE) to Data Communications Equipment 
(DCE) interface standards to cover the electrical, mechani- 
cal and functional interface between/among terminals (i.e. 
teletypewriters, CRT's etc.) and communications equipment 
(i.e. modems, cryptographic sets etc.). 

The EIA RS-232C is the oldest and most widely known 
DTE/DCE standard. Its European version is CCITT V.24 
specification. It provides for one-way/non-reversible, single 
ended (unbalanced) non-terminated line, serial digital data 
transmission. 

The DS14C88 quad CMOS driver and its companion circuit, 
the DS14C89A quad CMOS receiver, combine to provide an 
efficient low power system for RS-232C or CCITT V.24 ap- 
plications. 


RS232C 

INTERFACE 



TL/F/8681-1 

FIGURE 1. EIA RS-232C Application 


THE DRIVER 

The DS14C88 quad CMOS line driver is a pin replacement 
of the existing bipolar circuit DS1 488/MCI 488. 

The DS14C88 is fabricated in CMOS technology and there- 
fore has an inherent advantage over the bipolar DS1488/ 
MC1488 line driver in terms of current consumption. Under 
worst case static conditions, the DS14C88 is a miser when it 
comes to current consumption. In comparison with the 
DS1488/MC1488 line driver, a current consumption reduc- 
tion to 500 juA max versus 25 mA can be achieved. 

The RS-232C specification states that the required driver 
output voltage is defined as being between + 5V and + 1 5V 
and is positive for a logic “0” (-I-5V to -I- 15V) and negative 
for a logic “1” (-5V to -15V). These voltage levels are 
defined when driver is loaded (3000n < Rl < 7000ft). The 
DS14C88 meets this voltage requirement by converting HC 
or TTL/LSTTL levels into RS-232C levels through one 
stage of inversion. 

In applications where strict compliance to RS-232C voltage 
levels is not essential, a ±5V power supply to the driver 
may be used. The output voltage of the DS14C88 will be 
high enough to be recognized by either the 1489 or 14C89A 
receiver as valid data. 

The RS-232C specification further states that, during tran- 
sitions, the driver output slew rate must not exceed 30V//xs. 
The inherent slew rate of the equivalent bipolar circuit 
DS14C88/MC1488 is much too fast and requires the con- 
nection of one external capacitor (330-400 pF) to each 
driver output in order to limit the slew rate to the specified 
value. However, the DS14C88 does not require any external 
components. The DS14C88 has a novel feature in that 
unique internal slew rate control circuitry has been incorpo- 
rated which eliminates the need for external capacitors; to 
be precise, a saving of four capacitors per package. The 
14C88 minimizes RFI and transition noise spikes by typically 
setting the slew rate at 5V-6V/p,s. This will enable optimum 
noise performance, but will restrict data rates to below 40k 
baud. 


The DS14C88 can also withstand an accidental short circuit 
from a conductor in the interconnecting cable to any one of 
four outputs in a package without sustaining damage to it- 
self or its associated equipment. 



(Vi circuit shown) SLEW RATE 

CONTROL 


OUTPUT 
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FIGURE 2. DS14C88 Line Driver Block Diagram 
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THE RECEIVER 

The DS14C89A quad CMOS line receiver is a pin replace- 
ment of the existing bipolar circuit DS1489/MC1489/ 
DS1489A/MC1489A. 

The DS14C89A is fabricated in CMOS technology giving it 
an inherent advantage over the bipolar DS1 489/MCI 489/ 
DS1489A/MC1489A circuits in terms of power consump- 
tion. Under worst case static conditions a power consump- 
tion reduction of 97% (900 juA against 26 mA) is achieved. 
The RS-232C specification states that the required receiver 
input impedance as being between 3000fl and 7000H for 
input signals between 3.0V and 25.0V. Furthermore, the re- 
ceiver open circuit bias voltage must not be greater than 
-t-2V. 

The DS14C89A meets these requirements and is able to 
level shift voltages in the range of -30V to -l- 30V to HC or 
TTL/LSTTL logic levels through one stage of inversion. A 
voltage of between -3.0V and -25.0V is detected as a 
logic “1” and a voltage of between +3.0V and -I- 25.0V is 
detected as logic “0”. 

The RS-232C specification states that the receiver should 
interpret an open circuit or power off condition (source im- 
pedance of driver must be 300fl or more to ground) as an 
OFF condition. In order to meet this requirement the input 
threshold of the DS14C89A is positive with respect to 
ground resulting in an open circuit or “power off” condition 
being interpreted as a logic "0” at the input. 

Although the DS14C89A is pin replacement for the bipolar 
circuits DS1489/MC1489/DS1489A/MC1489A, its perform- 
ance characteristics are modeled on the DS1489A/ 
MC1489A. 

The response control input on each of the bipolar circuits 
facilitates the rejection of noise signals by means of an ex- 
ternal capacitor between each response control pin and 
ground. 

When communicating between components of a data pro- 
cessing system in a hostile environment, spurious data such 
as ground shifts and noise signals may be introduced and it 
can become difficult to distinguish between a valid data sig- 
nal and those signals introduced by the environment. 

The DS14C89A eliminates the need for external response 
control capacitors and overcomes the effects of spurious 
data by means of unique internal noise filtering circuitry. 
Figure 4 shows typical turn on threshold versus response 
control capacitance for existing bipolar devices. Note the 
curve for the DS14C89A CMOS device. The DS14C89A will 
not recognize any input signal whose pulse width is less 
than 1 jas, regardless of the voltage level of that input sig- 
nal. Noise rejection in the bipolar parts depends on the volt- 
age level of the noise transients. Therefore, in hostile envi- 
ronments the CMOS parts offer improved noise rejection 
properties. The DS14C89A has an internal comparator 
which provides input hysteresis for noise rejection. The 


OUTPUT 


('4 circuit shown) TL/F/8681-3 

FIGURE 3. DS14C89A Line Receiver Block Diagram 



DS14C89A has a typical turn-on voltage of 2.0V and a typi- 
cal turn-off voltage of 1.0V resulting in 1.0V of hysteresis. 
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FIGURE 4 


TYPICAL APPLICATIONS 

Obviously the major advantage of these CMOS devices is 
that with the large reduction of operating current, it is now 
possible to implement the “FULL” RS-232 interface in re- 
mote or portable equipment. Imagine that previously a de- 
signer, using a CMOS /xP, RAM, ROM, and peripherals, 
could implement a complete system that consumes be- 
tween 200 and 300 mW, but just adding the RS-232 inter- 
face (one driver, and one receiver) would add another 450 
to 700 mW to the total system power consumption. This 
would severely shorten the battery life. The CMOS driver 
and receiver would only add about 40-50 mW. 

In addition, the CMOS devices provide better noise rejection 
in harsh EMI environments, thus better data integrity. At the 
same time the internal slew rate limiting of the driver reduc- 
es the output transition time along the cable interface, 
hence reducing RFI emission, and easing the ability for por- 
table (or non-portable) systems to meet FCC noise emission 
regulations. Also, since space is a premium in remote and 
portable systems, by integrating the function of the external 
capacitors on-chip (eliminating 8 capacitors), and designing 
these into S.O. packages, significant reduction in board 
space can be achieved. 

For example. Figure 5 shows a small CMOS system utilizing 
a CMOS NSC800 microprocessor, NSC858 CMOS UART, 
CMOS RAM/ROM, and a clock timer. This system runs off a 
9V battery so a DC- DC converter is used to generate — 9V 
for the RS-232 interface. In this design a standard DC-DC 
convert IC is used to generate a -9V supply from the single 
+ 9V battery. 

As a second example, a “cheater” RS-232 interface is 
sometimes implemented. This interface is compatible with 
the current RS-232 driver/receiver products, but rather than 
using a ±(9-15)V supply, a ±5V supply is used. The driv- 
ers will not meet the RS-232 output voltage level specifica- 
tions, but will correctly drive either the CMOS or bipolar re- 
ceivers. The DC-DC converter circuit in Figure 5 may be 
used to implement this. While for non-portable applications 
this can be done with the old bipolar 1488/89s, the DC-DC 
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converter is somewhat simpler with the CMOS parts due to 
the much reduced current consumption. 

The RS-232 driver/receivers are aiso useful in non-power 
sensitive muiti-user computers. Imagine a 16 terminal clus- 
ter controller for a multi-user computer system, Figure 6. 
This controiler would require 16 drivers and 16 receivers 


with a total power of 8 watts when using the bipolar devices. 
The CMOS devices need only 400 mW. 

Also proper noise rejection for receivers and slew rate limit- 
ing for the driver wouid require 1 28 capacitors for the bipolar 
parts, but they are unnecessary in the CMOS implementa- 
tion. 



REQUEST TO SEND 
DATA TERMINAL READY 
TRANSMIT DATA 


DATA CARRIER DETECT 
CLEAR TO SEND 
DATA SET READY 
RECEIVE DATA 


TL/F/8681-5 


FIGURE 5. Typical portable system application using CMOS /xP, ROM, RAM, and UART. 
RS-232 interface is shown using 7660 supply inverter and CMOS Receiver/Driver. 
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BIPOLAR CMOS 



TL/F/8681-6 

FIGURE 6. A multi-terminal application showing a comparison of Bipolar vs CMOS solutions. 


Lit # 100438 
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High Speed, Low Skew 
RS-422 Drivers and 
Receivers Soive Critical 
System Timing Problems 


National Semiconductor 
Application Note 457 
Toan Tran 
Larry Kendall 


In system design, due to the distributed intelligence ability of 
the microprocessor, it is a common practice to have the 
peripheral circuits physically separated from the host proc- 
essor with data communications being handled over cables. 
Usually, these cables are measured in hundreds or thou- 
sands of feet. Signals transmitted on these lines (or cables) 
are exposed to electrical noise sources which may require 
large noise immunity. The requirements for transmission 
lines and noise immunity are covered in E.I.A. standard 
RS-422. 

The object of this application note is to describe the design 
requirement of RS-422 standard and to show that National’s 
DS8921, DS8922 and DS8923 Differential Driver and Re- 
ceiver pair meet all of those requirements. Special circuit 
design techniques are used to achieve small skew on com- 
plementary signals of the driver outputs. In fact, these devic- 
es are designed specifically for applications which must 
meet stringent timing constraints including the ESDI Disk 
Drive standard. Additionally, the DS8921 series meet the 
requirement of ST506 and ST412HP standards. 

BALANCED VOLTAGE DIGITAL INTERFACE CIRCUITS 
(RS-422) REQUIREMENT 

Balanced circuits are normally used in data, timing, or con- 
trol applications where the data signaling rate approaches 
speeds of 10 Mbit/s. In addition, balanced data transmis- 
sion techniques should be used whenever the following 
conditions exist: 

1. The interconnecting cable is too long for effective unbal- 
anced operation. 

2. The interconnecting cable is exposed to a noise source 
which may cause a voltage sufficient to indicate a change 
of binary state at the load. 

3. It is necessary to minimize interference with other signals. 
Figure 1 below is a balanced circuit connection. 


There are three major controlling factors in balanced volt- 
age digital interface: 

1. The cable length 

2. The modulation rate 

3. The characteristics of the Driver and Receiver 

CABLE LENGTH 

There is no maximum cable length specified in the RS-422 
standard. Guidelines are given with respect to conservative 
operating distances as a function of modulation rate. Figure 
.2 below is the guideline provided by RS-422 for data modu- 
lation rate versus cable length. 



DATA MODULATION RATE (BAUDS) 

TL/F/8837-2 

FIGURE 2. Data Modulation Rate vs Cable Length 

The curve is based on empirical data using a 24 AWG, cop- 
per conductor, twisted pair cable terminated for worst case 
in a lOOfl load, with rise and fall time equal or less than one 
half unit interval at the applied modulation rate. 

Even though the maximum cable length between driver and 
load is a function of data signaling rate, it is also influenced 
by the tolerable signal distortion, the amount of longitudinal- 
ly coupled noise and ground potential difference introduced 
between the generator and load circuit grounds. 


BALANCED 

-INTERCONNECTING- 

CABLE 


CABLE 

'termination 



Legend: 

R( = Optional cable transmission resistance/receiver input impedance. 
Vqround = Ground potential difference 
A, B = Driver interface 


A’, B’ = Load Interface 
C = Driver circuit ground 
C’ = Load circuit ground 


FIGURE 1. RS-422 Balanced Digital Interface Circuit 
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MODULATION RATE 

The balanced (or differential) voltage mode interface will 
normally be utilized on data, timing or control circuits operat- 
ing at up to 1 0 Mbauds. The voltage digital interface devices 
meeting the electrical characteristics of this standard need 
not meet the entire modulation range specified. They may 
be designed to operate over narrower ranges to more eco- 
nomically satisfy specific applications, particularly at the 
lower modulation rates. The DS8921 family of devices 
meets or exceeds all of the recommended RS-422 perform- 
ance specifications. 

RS-422 CHARACTERISTICS 

A. The Driver 

The balanced driver characteristics are specified in RS-422 
as follows: 

1. A driver circuit should result in a low impedance (100n or 
less) balanced voltage source that will produce a differ- 
ential voltage to the interconnecting cable in the range of 
2V to 6V. 

2. With a test load of 2 resistors, 50ft each, connected in 
series between the driver output terminals, the magnitude 
of the differential voltage (VT) measured between the two 
output terminals shall be equal to or greater than 2V, or 
50% of the magnitude of Vq, whichever is greater. For 
the opposite binary state the polarity of VT is reversed 
(VT). 

3. During transitions of the driver output between alternating 
binary states, the differential voltage measured across 
100ft load shall monotonically change between 0.1 and 

0.9 of Vss within 0.1 of the unit interval or 20 ns, whichev- 
er is greater. Thereafter, the signal voltage shall not 
change more than 10% of Vss from the steady state val- 
ue until the binary state occurs. 

B. The Receiver 

The electrical characteristics of the receiver are specified in 
RS-422 as follows: 

1. The receiver shall not require a differential input voltage 
more than 200 mV to correctly assume the intended bina- 
ry state, over an entire common-mode voltage range of 
-7 to -I- 7V. The common-mode voltage (Vcm) is defined 


as the algebraic mean of the 2 voltages appearing at the 
receiver input terminals with respect to the receiver circuit 
ground. This allows for operations where there are 
ground differences caused by IR drop and noise of up to 
±7V. 

2. The receiver shall maintain correct operation tor a differ- 
ential input signal ranging between 200 mV and 6V in 
magnitude. 

3. The maximum voltage between either receiver input ter- 
minal and receiver circuit ground shall not exceed 10V 
(3V signal -i- 7V common-mode) in magnitude. Also, the 
receiver shall tolerate a maximum differential signal of 
12V applied across its input terminals without being dam- 
aged. 

4. The total load (up to 10 receivers) shall not have a resist- 
ance more than 90ft at its input points. 

DS8921, DS8922 AND DS8923 

The DS8921 is a single differential line driver and receiver 
pair. Whereas, the DS8922 and DS8923 are dual differential 
line driver and receiver pairs. The difference between the 
DS8922 and DS8923 is in the TRI-STATE® control (Figure 
3). 

These devices are designed to meet the full specifications 
of RS-422. The driver features high source and sink current 
capability. 

The receiver will discriminate a ± 200 mV input signal over a 
full common-mode range of ±7V. Switching noise which 
may occur on input signal can be eliminated by the built-in 
hysteresis (50 mV typical, and 15 mV min.). An input fail- 
safe circuit is provided so that if the receiver inputs are 
open, the output will assume the logical one state. 

These devices have power up/down circuitry that will TRI- 
STATE the outputs and prevent erroneous glitches on the 
transmission lines during system power up or down opera- 
tion. 

The most attractive feature of these devices is the small 
skew beween the complementary outputs of the driver, typi- 
cally about 0.5 ns. This small skew specification is often 
necessary to meet tight system timing requirements. 


DS8921A DS8922A DS8923A 




FIGURE 3. DS8921 A, DS8922A and DS8923A Connection Diagrams 
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Note 1. All times in ns measured at I/O connector of the drive. T is the period of the clock signals and is the inverse of the reference or read clock frequency. 
Note 2. Similar period symmetry shall be in ±4 ns between any two adjacent cycles during reading and writing. 

Note 3. Except during a head change or PLO synchronization the clock variances for spindle speed and circuit tolerances shall not vary more than -5.5% to 
+ 5.0%. Phase relationship between reference clock and NRZ write data or write clock is not defined. 

Note 4. The write clock must be the same frequency as the drive supplied reference clock (i.e., the write clock is the controller received and retransmitted drive 
reference clock). 

Note 5. Reference clock is valid when read gate is inactive. Read clock is valid when read gate is active and PLO synchronization has been established. 

FIGURE 4. ESDI Timing Diagrams 


DM74AS74 Switching Characteristics 


over recommended operating free air temperature range (Note 1). All typical values are measured at Vcc = 5V, = 25°C. 


Parameter 

From 

To 

Conditions 

DM74AS74 

Units 

Min 

Typ 

Max 

Fmax 



Vcc = 4.5V to 5.5V 

105 



MHz 

TpLH 

Preset 

Q or 

Rl = 500D 
Cl = 50 pF 

3.3 


7.5 

ns 

TpHL 

or clear 

Q 

3.5 


10.5 

ns 

TpLH 

Clock 

Q or 


3.5 


8 

ns 

TpHL 

Q 


4.5 


9 

ns 

Note 1; See Section 1 for test waveforms and output load. 


FIGURE 5. 1 ns Clock Skew 
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ESDI ENHANCED SMALL DEVICE INTERFACE 

The ESDI specification requires that the read and Refer- 
ence Clock must meet the symmetry shown in Figure 4. This 
necessitates the use of National’s DS8921A/22A/23A se- 
ries of transceivers. 

All specifications are in % T, where T = ^, the ESDI specifi- 
cation is assumed to be a 10 Mbits/second standard, T = 
100 ns. 

Given this, the negative pulse width measured at the drive 
connector must equal 0.5T ±0.05T (50 ns ±5 ns). The best 
available RS-422 driver, other than the DS8921A Family, is 
specified at +4 ns differential skew. If the clock is from a 
high speed 74AS74 device, shown in Figure 5, it will have a 
typical skew of 1 ns. 

This combination of 4 ns + 1 ns uses all of the ESDI speci- 
fied 5 ns and leaves no margin for noise. Use of the 
DS8921 A, 22A, or 23A, specified at ±2.75 ns max. differen- 
tial skew would allow up to ±2.25 ns for clock skew and 
noise. This is as close a guarantee to meeting the ± 5 ns 
spec, of ESDI, as is possible with todays advanced testing 
systems. 

One other consideration is the relationship between Read 
Clock and Read Data. Figure 4 shows that the positive edge 


of Read Clock must be 0.31T (31 ns) after the leading edge 
of Read Data, and 0.31 T (31 ns) before the trailing edge of 
Read Data. 

The Read Clock positive edges will be used to strobe Read 
Data into the controller after both signals go through their 
respective cable lines and receivers. Use of the DS8922A/ 
23A assures minimum skew between these two signals. Be- 
cause both drivers, or both receivers, are on the same piece 
of silicon an optimum match is achieved. 

The above is applicable to an ESDI controller as well as the 
Drive itself. The controller receives the Reference Clock 
and uses both positive and negative edges to generate 
WRITE CLOCK. The negative edge of WRITE CLOCK is 
used to strobe out WRITE DATA and the positive edge will 
strobe WRITE DATA into the Drive. 

The WRITE CLOCK positive edge has to be centered within 
WRITE DATA after it is received by the Drive. The transmit- 
ted WRITE CLOCK and WRITE DATA must be as closely 
matched as possible. 

National’s DS8921A, 22A, and DS8923A devices offer the 
combination of tightly spec’d parameters and drivers and 
receivers on one chip to meet various system timing con- 
straints. 
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A bus is a common communication medium, such as a ca- 
ble or a printed circuit trace, that is time shared by several 
elements of a system. Single-ended bus circuits are listed in 
this section and these may be further categorized into open- 
collector circuits and TRI-STATE circuits. 

When not transmitting, a bus driver should be capable of 
presenting a high impedance output in order to allow other 
drivers to freely use the bus. This is achieved by using either 
an open-collector or TRI-STATE output. 

Open-collector drivers may be connected in a wired-or con- 
figuration which is very useful for polling and bus arbitration. 
These devices require pull-up resistors, which can also 
serve as bus terminators. 

TRI-STATE drivers, on the other hand, do not require bus 
termination for short bus runs on PC boards. In addition, 
TRI-STATE devices provide improved rise time characteris- 
tics with low power dissipation. Hence, they are popular in 
high-speed microcomputer systems. 

A single-ended bus is highly susceptible to noise, including 
ground noise and crosstalk. For this reason the bus should 
not be extended beyond the subsystem’s enclosure without 
special care. Line lengths in excess of 1 0 feet are not rec- 
ommended without the use of noise reduction techniques, 
such as slew rate control, high receiver thresholds and 


noise filtering. Devices such as National Semiconductor's 
DS3662 and DS3862 Trapezoidal bus transceivers and 
DS3896 and DS3897 Future Bus transceivers are specifical- 
ly designed for reducing crosstalk and noise susceptibility 
on high-speed buses. 

FUTUREBUS TRANSCEIVERS 

The DS3896 and DS3897 are the first two devices designed 
for driving high-speed microcomputer backplane buses. 
Both devices meet the proposed IEEE-P896 Future Bus 
standard and incorporate low output capacitance (<5 pF) 
with the ability to drive a bus with a loaded impedance of 
less than 18n. This excellent drive capability is achieved 
while still maintaining high levels of noise immunity. 

POWER UP/DOWN GLITCH FREE PROTECTION 

Powering a device up or down, or simply connecting or dis- 
connecting a device from an active bus, has frequently pre- 
sented the design engineer with the problem of invalid data 
glitches being transmitted onto the bus. National Semicon- 
ductor is the industry leader in offering bus transceivers in- 
corporating glitch-free power up/down protection. For more 
detailed information on National Semiconductor’s line of 
bus transceivers, refer to the following Selection Guide and 
application notes within this section. 


Bus Transceivers 




Bus Circuits 


BUS CIRCUITS 

Data bus circuits are not transmission line circuits in the normal interpretation where the transmission line is electrically long (1/4 wavelength) with respect to the baud rate. Like 
unbalanced transmission lines, the data transmission is susceptible to common-mode noise, such as ground IR noise and induced reactive noise from crosstalk. A bus is a 
communications method where many elements of a system time share the same signal (address or data) bus. A bus shouldn’t extend out of its subsystem’s electronic enclosure 
without special care. Line length in excess of 10 feet is not recommended without slew rate control. Cables should be in the form of twisted pair or flat cable where a signal wire is 
alternated with a ground wire. 


OPEN-COLLECTOR BUS CIRCUITS 


Device Number 

Circuits/ 

Package 

Driver/ 

Receiver/ 

Transceiver 

Bus Driver 

Bus Receiver 

Comments 

Page 

No. 

Commercial 
0°Cto +70°C 

Military 

-55°Cto -h125‘’C 

Propagation 
Deiay (ns) 

Vol(V)/ 

lOL(mA) 

Propagation 
Delay (ns) 

V|l(V)/ 

l,L(]aA) 

Vih(V)/ 
l|H (J^A) 

Hysteresis 

(V) 

DM8131 

DM7131 

1 

Receiver 



30 

0.95/50 

2/50 

0.65 

6-Bit Bus Comparator 

Logic 

DM8136 

DM7136 

1 

Receiver 



30 

0.95/50 

2/50 

0.65 

6-Bit Bus Comparator 

Logic 

DS26S10 

DS26S10M 

4 

Transceiver 

10 

0.8/100 

10 

1.75/ -100 

2.25/100 



2-24 

DS26S1 1 

DS26S1 1 M 

4 

Transceiver 

10 

0.8/100 

10 

1.75/- 100 

2.25/100 


Input to Bus is Non-Inverting 

2-24 

DS3662 


4 

Transceiver 

30 

0.9/100 

40 

1.50/400 

1.9/100 


Trapezoidal Transceiver 

2-29 

DS3862 


8 

Transceiver 







Trapezoidal Transceiver 

2-52 

DS3890 


8 

Driver 

15 






Futurebus Driver 

2-58 

DS3892 


8 

Receiver 



18 




Futurebus Receiver 

2-58 

DS3893A 


4 

Transceiver 

7 


8 




TURBOTRANSCEIVER 

2-64 

DS3896 


8 

Transceiver 







Futurebus Transceiver 

2-69 

DS3897 


4 

Transceiver 







Futurebus Transceiver 

2-69 

DS3898 


8 

Repeater 

30 






Futurebus Repeater 

2-58 

DS75450 



Driver 

20 

0.7/300 





AND Separate Output Transistors 

3-41 

DS75451 

DS55451 


Driver 

18 

0.7/300 





AND 

3-41 

DS75452 

DS55452 


Driver 

26 

0.7/300 





NAND 

3-41 

DS75453 

DS55453 


Driver 

18 

0.7/300 





OR 

3-41 

DS75454 

DS55454 


Driver 

27 

0.7/300 





NOR 

3-41 

DS8640 

DS7640 


Receiver 



23 

1.2/ -50 

1.8/50 


Quad NOR Receiver 

2-96 

DS8641 

DS7641 


Transceiver 

30 

0.7/50 

30 

1.2/-100 

1.8/100 



2-98 

DS8836 

DS7836 


Receiver 



20 

1.05/ -50 

2.65/50 

1 

Quad NOR Receiver 

2-109 

DS8837 

DS7837 

6 

Receiver 



20 

1.05/ -50 

2.65/50 

1 


2-111 

DS8838 

DS7838 

4 

Transceiver 

25 

0.8/50 

30 

1.05/ -100 

2.65/100 

1 


2-114 






TRI-STATE® BUS CIRCUITS 




Driver/ 

Receiver/ 

Transceiver 

Bus Driver 

Bus Receiver 



L/evice numDer 

Circuits/ 

Propagation 

II 

Voh(V)/ 

•oh 

Propagation 

V|l(V)/ 

I|l(/iA) 

V,H (V)/ 
im(f^A) 

Hysteresis 

(mV) 

Comments 

Page 

Commercial 
0°C to +70“C 

Military 

-55°C to +125°C 

Package 

Deiay 
Typ (ns) 

Deiay 
Typ (ns) 

No. 

DM74S240 

DM54S240 

4 or 8 

Transceiver 

4.5 

0.55/64 

2.4/ -3 

4.5 

0.8/ -400 

2/50 

400 

Non-Inverting 

Logic 

DM74S241 

DM54S241 

4 or 8 

Transceiver 

6 

0.55/64 

2.4/ -3 

6 

0.8/ -400 

2/50 

400 

Inverting 

Logic 

DM74S940 

DM54S940 

8 

Transceiver 

4.5 

0.55/64 

2.4/ -3 

4.5 

0.8/ -400 

2/50 

400 

Non-Inverting 

Logic 

DM74S941 

DM54S941 

8 

Transceiver 

6 

0.55/64 

2.4/ -3 

6 

0.8/ -400 

2/50 

400 

Inverting 

Logic 

DP8212 

DP8212M 

8 

Driver 

20 

0.45/15 

3.6/ -1 





8080 MPU Data Latch and Service 
Request f/f 

6-5 

DP8216 

DP8216M 

4 

Transceiver 

20 

0.6/55 

3.6/ -1 

15 

0.95/ -250 

2/10 


8080 MPU Non-Inverting 

6-13 

DP8226 

DP8226M 

4 

Transceiver 

16 

0.6/50 

3.6/ -1 

15 

0.95/ -250 

2/10 


8080 MPU Inverting 

6-13 

DP8228 

DP8228M 

8 

Transceiver 

30 

0.45/10 

2.4/ -1 

20 

0.8/ -250 

2/20 


8080 MPU System Bus Controller 
and Bus Driver 

6-24 

DP8238 

DP8238M 

8 

Transceiver 

30 

0.45/10 

2.4/ -1 

20 

0.8/-250 

2/20 


8080 MPU System Bus Controller 
and Bus Driver 

6-24 

DP8303A 


8 

Transceiver 

10 

0.5/50 

3.6/ -5 

10 

0.8/ -250 

2/80 


Bidirectional Inverting 

2-6 

DP8304B 

DP7304B 

8 

Transceiver 

10 

0.5/50 

3.6/ -5 

15 

0.8/ -250 

2/80 


Bidirectional Non-Inverting IEEE 
488 

2-11 

DP8307A 


8 

Transceiver 

10 

0.5/50 

3.6/ -5 

10 

0.8/ -250 

2/80 


Bidirectional Inverting 

2-16 

DP8308 

DP7308 

8 

Transceiver 

11 

0.5/50 

3.6/ -5 

15 

0.8/ -250 

2/80 


Bidirectional Non-Inverting 

2-20 

DS3647 


4 

Transceiver 

8 

0.5/50 

2.4/ -5 

7 

0.8/ -500 

2/100 


Quad Bidirectional I/O Register 

5-28 

DS3667 


8 

Transceiver 

20 

0.5/48 

2.5/ -5.2 

20 

0.8/ -100 

2/20 

400 


2-47 

DS75160A 


8 

Transceiver 

20 

0.5/48 

2.5/ -5.2 

20 

0.8/ -100 

2/20 

400 

IEEE 488 GPIB 

2-88 

DS75161A 


8 

Transceiver 

20 

0.5/48 

2.5/ -5.2 

20 

0.8/ -100 

2/20 

400 

IEEE 488 GPIB 

2-88 

DS75162A 


8 

Transceiver 

20 

0.5/48 

2.5/ -5.2 

20 

0.8/ -100 

2/20 

400 

IEEE 488 GPIB 

2-88 

DS8T26A 

DS8T26AM 

4 

Transceiver 

14 

0.5/48 

2.4/ -10 

14 

0.85/ -200 

2/20 


Inverting 

2-117 

DS8T28 

DS8T28M 

4 

Transceiver 

17 

0.5/48 

2.4/ -10 

17 

0.85/-200 

2/20 


Non-Inverting 

2-117 

DS8833 

DS7833 

4 

Transceiver 

14 

0.5/50 

2.4/ -10 

20 

0.8/ -40 

2/80 

400 

Non-Inverting TRI-STATE Receiver 

2-101 

DS8834 

DS7834 

4 

Transceiver 

14 

0.5/50 

2.4/ -10 

20 

0.8/ -40 

2/80 

400 

Inverting 

2-105 

DS8835 

DS7835 

4 

Transceiver 

14 

0.5/50 

2.4/ -10 

20 

0.8/ -40 

2/80 

400 

Inverting TRI-STATE Receiver 

2-101 

DS8839 

DS7839 

4 

Transceiver 

14 

0.5/50 

2.4/- 10 

20 

0.8/-40 

2/80 

400 

Non-Inverting 

2-105 

Note: Unless otherwise specified, bus circuits listed above are TTL compatibie and use 5V supplies. 
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DP8303A 


National 

Semiconductor 

DP8303A 8-Bit TRI-STATE® 
Bidirectional Transceiver (Inverting) 


General Description 

This family of high speed Schottky 8-bit TRI-STATE bidirec- 
tional transceivers are designed to provide bidirectional 
drive for bus oriented microprocessor and digital communi- 
cations systems. They are all capable of sinking 16 mA on 
the A ports and 48 mA on the B ports (bus ports). PNP 
inputs for low input current and an increased output high 
(Vqh) level allow compatibility with MOS, CMOS, and other 
technologies that have a higher threshold and less drive 
capabilities. In addition, they all feature glitch-free power 
up/down on the B port preventing erroneous glitches on the 
system bus in power up or down. 

DP 8303A an d DP7304B/DP8304B are featured with Trans- 
mit/Receive (T/R) and Chip Disable (CD) inputs to simplify 
control logic. For greater design flexibility, DP8307A and 
DP7308 /DP8308 are featured with Transmit (T) and 
Receive (R) control inputs. 


Features 

■ 8-bit directional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface with 
bus oriented systems 

■ PNP inputs reduce input loading 

■ Output high voltage interfaces with TTL, MOS, and 
CMOS 

■ 48 mA/300 pF bus drive capability 

■ Pinouts simplify system interconnections 

■ Transmit/Receive and chip disable simplify control logic 

■ Compact 20-pin dual-in-line package 

■ Bus port glitch free power up/down 


Logic and Connection Diagrams 

I — . 1 


A3C 

AP0RT< A4( 



_o<^ 


— 

---a 


izu-o 

— 

—n 

— 

IZIH 


B4 >BP0RT 
B5 


TRANSMIT/RECEIVE 
’ (T/R) 


CHIP DISABLE, 
(CD)' 


Dual-ln-Line Package 



Logic Table 


Inputs 

Chip Disable T ransmit/Receive 

0 0 

0 1 

1 X 


Top View 

Order Number DP8303AJ or DP8303AN 
See NS Package Number J20A, N20A 


Resulting Conditions 


TRI-STATE TRI-STATE 


X = Don’t care 





Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage 7V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 667 mW 

Molded Package 1 832 mW 


'Derate cavity package 11.1 mW/'C above 25“C; derate molded package 
14.7 mW/”C. 

DC Electrical Characteristics (Notes 2 and 3) 


Storage Temperature -65°Cto +150°C 

Lead Temperature (soldering, 4 seconds) 260°C 

Recommended Operating 


Conditions 

Min 

Max 

Units 

Supply Voltage (Vcc) 
DP8303A 

4.75 

5.25 

V 

Temperature (Ta) 
DP8303A 

0 

70 

°C 


Symbol | Parameter | Conditions [ Min | Typ | Max | Units 


A PORT (A0-A7) 


V|H 

Logical “1” Input Voltage 

CD = V|L, T/R = 2.0V 

2.0 



V 

V|L 

Logical “0" Input Voltage 

CD = V|L, T/R = 2.0V 



0.7 

V 

VOH 

Logical “1” Output Voltage 

_i 

> 

II 

1— d 

II II 

Q d 
O > 

lOH = -0.4 mA 

Vcc - 1-15 

< 

O 

O 

1 

o 


V 

loH = -3 mA 

cvi 

3.95 


V 

VoL 

Logical “0” Output Voltage 

< O 
F D 
II II 
P H 

II 

< 

i~ 

Iql = 16 mA 


0.35 

0.5 

V 

loL = 8 mA 


0.3 

0.4 

V 

los 

Output Short Circuit 
Current 

CD = V|L, T/R = V|L, Vo = OV. 
Vcc = Max, (Note 4) 

-10 

-38 

-75 

mA 

l|H 

Logical “1” Input Current 

CD = V|L, T/R = 2.0V, V|h = 2.7V 


0.1 

80 

jxA 

m 

Input Current at Maximum 
Input Voltage 

CD = 2.0V, Vcc = Max, V|H = 5.25V 



1 

mA 

l|L 

Logical “0” Input Current 

CD = V|L, T/R = 2.0V, V|N = 0.4V 


-70 

-200 

)u.A 

VCLAMP 

Input Clamp Voltage 

CD = 2.0V, l|N = -12 mA 


-0.7 

-1.5 

V 

lOD 

Output/Input 
TRI-STATE Current 

CD = 2.0V 

V|N = 0.4V 



-200 

p.A 

V|N = 4.0V 



80 

jaA 


BPORT(BO-B7) 


V|H 

Logical “1” Input Voltage 

CD = V|L, T/R = V|L 

2.0 



V 

V|L 

Logical “0” Input Voltage 

CD = V|L, T/R = V|L 



0.7 

V 

VoH 

Logical “1” Output Voltage 

> 

o 

cvi 

II 

Itr 

^d^ 
> d 

II II 

Q d 
O > 

Iqh = -0.4 mA 

Vcc - 1-15 

CO 

d 

1 

o 

o 

> 


V 

loH = -5 mA 

2.7 

3.9 


V 

Iqh = -10 mA 

2.4 

3.6 


V 

VoL 

Logical “0” Output Voltage 

CD = V|L, T/R = 2.0V 

Iql = 20 mA 


0.3 

0.4 

V 

Iql = 48 mA 


0.4 

0.5 

V 

los 

Output Short Circuit 
Current 

CD = V|L, T/R = 2.0V, Vo = OV, 
Vcc = Max, (Note 4) 

-25 

-50 

-150 

mA 

l|H 

Logical “1” Input Current 

CD = V|L, T/R = V|L, V|H = 2.7V 


0.1 

80 

fiA 

m 

Input Current at Maximum 
Input Voltage 

CD = 2.0V, Vcc = Max, V|H = 5.25V 



1 

mA 





























































































































































DC Electrical Charcateristics (Notes 2 and 3) (Continued) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

CONTROL INPUTS CD, T/R 

V|H 

Logical “1” Input Voltage 


2.0 



V 

VlL 

Logical “0” Input Voltage 




0.7 

V 

l|H 

Logical “1” Input Current 

V|H = 2.7V 


0.5 

20 

fxA 

l| 

Maximum Input Current 

Vcc = Max. V|H = 5.25V 



1.0 

mA 

l|L 

Logical “0" Input Current 

V|L = 0.4V 

T/R 


-0.1 

-0.25 

mA 

CD 


-0.25 

-0.5 

mA 

VCLAMP 

Input Clamp Voltage 

l|N = -12 mA 


-0.8 

-1.5 

V 

POWER SUPPLY CURRENT 

Icc 

Power Supply Current 

CD = 2.0V, V|N. Vcc = Max 


70 

100 

mA 

CD = 0.4V, Vina = T/R = 2V, Vcc = Max 


100 

150 

mA 


AC Electrical Characteristics vcc = sv.ta = 2s°c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

A PORT DATA/MODE SPECIFICATIONS 

tpDHLA 

Propagation Delay to a Logical “0” from 
B Port to A Port 

CD = 0.4V, T/R = 0.4V (Figure A) 
R1 = 1k, R2 = 5k, Cl = 30 pF 


8 

12 

ns 

tpDLHA 

Propagation Delay to a Logical “1 ” from 
B Port to A Port 

CD = 0.4V, T/R = 0.4V (Figure A) 
R1 = 1k,R2 = 5k, Cl = 30 pF 


11 

16 

ns 

tPLZA 

Propagation Delay from a Logical “0" to 
TRI-STATE from CD to A Port 

BO to B7 = 2.4V, T/R = 0.4V (Figure C) 
S3 = 1,R5 = 1k,C4 = 15 pF 


10 

15 

ns 

tpHZA 

Propagation Delay from a Logical “1 ” to 
TRI-STATE from CD to A Port 

BO to B7 = 0.4V, T/R = 0.4V (Figure C) 
S3 = 0,R5 = 1k,C4 = 15 pF 


8 

15 

ns 

tpZLA 

Propagation Delay from TRI-STATE to 
a Logical “0" from CD to A Port 

BO to B7 = 2.4V, T/R = 0.4V (Figure C) 
S3 = 1,R5 = 1k,C4 = 30 pF 


20 

30 

ns 

tpZHA 

Propagation Delay from TRI-STATE to 
a Logical “1 ” from CD to A Port 

BO to B7 = 0.4V, T/R = 0.4V (Figure C) 
S3 = 0, R5 = 5k, C4 = 30 pF 


19 

30 

ns 

B PORT DATA/MODE SPECIFICATIONS 

tpDHLB 

Propagation Delay to a Logical “0" from 
A Port to B Port 

CD = 0.4V, T/R = 2.4V (Figure A) 
R1 = lOOn, R2 = Ik, Cl = 300 pF 
R1 = 667ft, R2 = 5k, Cl = 45 pF 

■ 

12 

7 

B 

ns 

ns 

tpDLHB 

Propagation Delay to a Logical “1 ” from 
A Port to B Port 

CD = 0.4V, T/R = 2.4V (Figure A) 
R1 = 100ft, R2 = Ik, Cl = 300 pF 
R1 = 667ft, R2 = 5k, Cl = 45 pF 

■ 

15 

g 

20 

14 

ns 

ns 

tPLZB 

Propagation Delay from a Logical “0” to 
TRI-STATE from CD to B Port 

AO to A7 = 2.4V, T/R = 2.4V (Figure C) 
S3 = 1,R5 = 1k,C4 = 15 pF 


13 

18 

ns 

tpHZB 

Propagation Delay from a Logical “1 ” to 
TRI-STATE from CD to B Port 

AO to A7 = 0.4V, T/R = 2.4V (Figure C) 
S3 = 0, R5 = 1k,C4 = 15 pF 


8 

15 

ns 

tpLZB 

Propagation Delay from TRI-STATE to 
a Logical “0” from CD to B Port 

AO to A7 = 2.4V, T/R = 2.4V (Figure C) 
S3 = 1, R5 = 100ft, C4 = 300 pF 
S3 = 1, R5 = 667ft, C4 = 45 pF 

■ 

25 

16 

35 

25 

ns 

ns 

tpZHB 

Propagation Delay from TRI-STATE to 
a Logical “1 ” from CD to B Port 

AO to A7 = 0.4V, T/R = 2.4V (Figure C) 
S3 = 0,R5 = 1k,C4 = 300 pF 
S3 = 0, R5 = 5kft, C4 = 45 pF 

■ 

22 

14 

35 

25 

ns 

ns 











































































































































AC Electrical Characteristics vcc = sv.ta = 2 s»c (continued) 


Symbol 

Parameter 

Conditions 

TRANSMIT/RECEIVE MODE SPECIFICATIONS 

tTRL 

Propagation Delay from Transmit Mode to 
Receive a Logical “0", T/R to A Port 

CD = 0.4V (Figure B) 

51 = 1,R4 = 100n,C3 = 5pF 

52 = 1,R3 = 1k, C2 = 30 pF 

tTRH 

Propagation Delay from Transmit Mode to 
Receive a Logical “1 ”, T/R to A Port 

CD = 0.4V (Figure B) 

51 = 0, R4 = 100n,C3 = 5pF 

52 = 0, R3 = 5k, C2 = 30 pF 

tRTL 

Propagation Delay from Receive Mode to 
Transmit a Logical “0”, T/R to B Port 

CD = Q.AM (Figure B) 

51 = 1, R4 = lOOn, C3 = 300 pF 

52 = 1,R3 = 300n,C2 = 5 pF 

tRTH 

Propagation Delay from Receive Mode to 
Transmit a Logical “1”, T/R to B Port 

CD = 0.4V (Figure B) 

51 = 0, R4 = 1k,C3 = 300 pF 

52 = 0, R3 = 300n, C2 = 5 pF 


Min Typ Max Units 


23 

35 

ns 

23 

35 

ns 

23 

35 

ns 

27 

35 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of Recommended Operating Conditions. 
All typical values given are for Vcc = 5V and Ta = 25°C. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 

Switching Time Waveforms and AC Test Circuits 


INPUT 
An OR Bn 


tr =tf < 10 ns 
10% TO 90% 




Note: Cl includes test fixture capacitance. 

FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port 


DP8303A 






































DP8303A 


Switching Time Waveforms and AC Test Circuits (Continued) 


INPUT ,cu 

T/R ’SV- 


-tf tf ■ tf ^ 10 ns tf 

mTO90% -Vl.5V 



S2 = 1 

VCC-^ R3 


PULSE 

GENERATOR 




Note: C2 ad C3 include test fixture capacitance. 

FIGURE B. Propagation Delay from T/R to A Port or B Port 




C4 S3 = 0 ^ 


Note: C4 includes test fixture capacitance. Port input is in a fixed logical condition. See AC table. 

FIGURE C. Propagation Delay to/from TRI-STATE from CD to A Port or B Port 
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National 

Semiconductor 


DP7304B/DP8304B 8-Bit TRI-STATE® 
Bidirectional Transceiver (Non-Inverting) 


General Description 

The DP73048B/DP8304B are high speed Schottky 8-bit 
TRI-STATE bidirectional transceivers designed to provide 
bidirectional drive for bus oriented microprocessor and digi- 
tal communications systems. They are all capable of sinking 
16 mA on the A ports and 48 mA on the B ports (bus ports). 
PNP inputs for low input current and an increased output 
high (Voh) level allow compatibility with MOS, CMOS, and 
other technologies that have a higher threshold and less 
drive capabilities. In addition, they all feature glitch-free 
power up/down on the B port preventing erroneous glitches 
on the system bus in power up or down. 
DP^04B/DP8304B are featured with Transmit/ Receive 
(T/R) and Chip Disable (CD) inputs to simplify control logic. 


Features 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface with 
bus oriented systems 

■ PNP inputs reduce input loading 

■ Output high voltage interfaces with TTL, MOS, and 
CMOS 

■ 48 mA/300 pF bus drive capability 

■ Pinouts simplify system interconnections 

■ Transmit/Receive and chip disable simplify control logic 

■ Compact 20-pin dual-in-line package 

■ Bus port glitch free power up/down 


Logic and Connection Diagrams 



Dual-ln-Llne Package 



TL/F/8793-2 

Top View 

Order Number DP7304BJ, DP8304BJ, 
DP8304BN or DP8304BWM 
See NS Package Number J20A, N20A or M20B 


Logic Table 


Inputs 

Resulting Conditions 

Chip Disable 

T ransmit/Recelve 

A Port 

BPort 

0 

0 

OUT 

IN 

0 

1 

IN 

OUT 

1 

X 

TRI-STATE 

TRI-STATE 


X = Don’t Care 
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DP7304B/DP8304B 





DP7304B/DP8304B 


Absolute Maximum Ratings (Note i) Recommended Operating 

If Military/Aerospace specified devices are required, COnditiOnS 

contact the Nationai Semiconductor Saies Office/ I^Ip Units 

Distributors for avaiiabiiity and specifications. Supply Voltage (Vcc) 

Supply Voltage 7V DP7304B 4.5 5.5 V 

Input Voltage 5.5V DP8304B 4.75 5.25 V 

Output Voltage 5.5V Temperature (Ta) 

Storage Temperature -65°Cto +150°C DP7304B -55 125 'C 

Maximum Power Dissipation* at 25°C DP8304B 0 70 °C 

Cavity Package 1 667 mW 

Molded Package 1 832 mW 

Lead Temperature (soldering, 4 sec.) 260*0 

•Derate cavity package 11.1 mW/°C above 25°C; derate molded package 
14.7 mW/°C above 25°C. 

DC Electrical Characteristics (Notes 2 and 3) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

A PORT (A0-A7) 

V|H 

Logical “1” Input Voltage 

CD = V|L, T/R = 2.0V 

2.0 



V 

V|L 

Logical “0” Input Voltage 

CD = V|L, T/R = 2.0V 

DP8304B 



0.8 

V 

DP7304B 



0.7 

V 

VoH 

Logical “1 ” Output Voltage 

CD = V|L, T/R = V|L 

lOH = mA 

Vcc-1-15 

Vcc -0.7 


V 

lOH = 

2.7 

3.95 


V 

VoL 

Logical "0” Output Voltage 

CD = T/R = V|L 

lOL = 16mA(8304B) 


0.35 

0.5 

V 

Iql = 8 mA (both) 


0.3 

0.4 

V 

los 

Output Short Circuit 
Current 

CD = V|L, T/R = V|L, Vo = OV, 
Vcc = Max (Note 4) 

-10 

-38 

-75 

mA 

l|H 

Logical “1” Input Current 

CD = V|L, T/R = 2.0V, V|H = 2.7V 


0.1 

80 

ju,A 

l| 

Input Current at Maximum 
Input Voltage 

CD = 2.0V, Vcc = Max, V|h = 5.25V 



1 

mA 

l|L 

Logical “0” Input Current 

CD = V|L, T/R = 2.0V, V|N = 0.4V 


-70 

-200 

jaA 

VCLAMP 

Input Clamp Voltage 

CD = 2.0V, l|N = -12 mA 


-0.7 

-1.5 

V 

>OD 

Output/Input 
TRI-STATE Current 

CD = 2.0V 

V|N = 0.4V 



-200 

jxA 

V|N = 4.0V 



80 

fiA 

BPORT(BO-B7) 

V|H 

Logical “1” Input Voltage 

CD = V|L, T/R = V|L 

2.0 



s 

V|L 

Logical “0” Input Voltage 

CD = V|L, T/R = V|L 

DP8304B 



0.8 

n 

DP7304B 



0.7 

V 

VoH 

Logical “1 ” Output Voltage 

CD = V|L, T/R = 2.0V 

Iqh = “0.4 mA 

Vcc-1-15 

Vcc-0.8 


V 

lOH = “5 mA 

2.7 

3.9 


V 

Iqh — —10 mA 

2.4 

3.6 


V 

VoL 

Logical “0” Output Voltage 

CD = V|L, T/R = 2.0V 

Iql = 20 mA 


0.3 


V 

Iql = 48 mA 


0.4 


V 

los 

Output Short Circuit 
Current 

CD = V|L, T/R = 2.0V, Vq = OV, 
Vcc = Max (Note 4) 


-25 

-50 

-150 

mA 
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DC Electrical Characteristics (Notes 2 and 3) (Continued) 


Symbol 


Parameter 

Conditions 

Min 

Typ 


B PORT(BO-B7) (Continued) 


Logical “1 ” Input Current 


Input Current at Maximum 
Input Voltage 


Logical “0” Input Current 


Input Clamp Voltage 


Output/Input 
TRI-STATE Current 


CONTROL INPUTS CD, T/R 


Logical “1” Input Voltage 


Logical “0” Input Voltage 


Logical "1” Input Current 


Maximum Input Current 


Logical “0" Input Current 


VcLAMP Input Clamp Voltage 


POWER SUPPLY CURRENT 


CD = V|L, T/R = ViL. V|H = 2.7V 


CD = 2.0V, Vcc = Max. V|h = 5.25V 


CD = V|L, T/R = V|L, V|N = 0.4V 


CD = 2.0V, l|N = -12 mA 


CD = 2.0V 


V|H = 2.7V 


Vcc = Max, V|H = 5.25V 


V|L = 0.4V 


I|N = -12 mA 


Max Units 


80 

p,A 

1 

mA 

-200 

fxA 

-1.5 

V 

-200 

p.A 

4-200 

IxA 



icc 

Power Supply Current 

CD = 2.0V, V|N = 0.4V, Vcc = Max 



CD = Vina = 0.4V. T/R = 2V, Vcc = Max 


70 

100 

mA 

90 

140 

mA 


AC Electrical Characteristics vcc 


Symbol 


A PORT DATA/MODE SPECIFICATIONS 


5V,Ta = 25'’C 


Conditions 


Min Typ Max Units 


tpDHLA 

Propagation Delay to a Logical “0” from 
B Port to A Port 

CD = 0.4V, T/R = 0.4V (Figure A) 
R1 = Ik, R2 = 5k, Cl = 30 pF 

tpDLHA 

Propagation Delay to a Logical “1 ” from 
B Port to A Port 

CD = 0.4V, T/R = 0.4V (Figure A) 
R1 = Ik, R2 = 5k, Cl = 30 pF 

tpLZA 

Propagation Delay from a Logical “0” to 
TRI-STATE from CD to A Port 

BO to B7 = 0.4V, T/R = 0.4V (Figure C) 
S3 = 1.R5 = 1k,C4 = 15 pF 

*PHZA 

Propagation Delay from a Logical “1 ” to 
TRI-STATE from CD to A Port 

BO to B7 = 2.4V, T/R = 0.4V (Figure C) 
S3 = 0, R5 = 1k,CR = 15 pF 

tpZLA 

Propagation Delay from TRI-STATE to 
a Logical “0" from CD to A Port 

BO to B7 = 0.4V, T/R = 0.4V (Figure C) 
S3 = 1,R5 = 1k,C4 = 30 pF 

tpZHA 

Propagation Delay from TRI-STATE to 
a Logical “1 ” from CD to A Port 

BO to B7 = 2.4V, T/R = 0.4V (Figure C) 
S3 = 0, R5 = 5k, C4 = 30 pF 


14 

18 

ns 

13 

18 

ns 

11 

15 

ns 

8 

15 

ns 

27 

35 

ns 

19 

25 

ns 


B PORT DATA/MODE SPECIFICATIONS 


tPDHLB 

Propagation Delay to a Logical “0” from 
A Port to B Port 

CD = 0.4V, T/R = 2AV (Figure A) 

R1 = lOOn, R2 = Ik, Cl = 300 pF 
R1 = 667fi, R2 = 5k, Cl = 45 pF 

tpDLHB 

Propagation Delay to a Logical "1 ” from 
A Port to B Port 

CD = 0.4V, T/R = 2.4V (Figure A) 

R1 = lOOn, R2 = Ik, Cl = 300 pF 
R1 = 667ft, R2 = 5k, Cl = 45 pF 


18 

23 

ns 

11 

18 

ns 

16 

23 

ns 

11 

18 

ns 
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DP7304B/DP8304B 
















































































































































DP7304B/DP8304B 


AC Electrical Characteristics vcc = sv.ta = 25 »c (continued) 


Symbol 

Parameter 

Conditions 

B PORT DATA/MODE SPECIFICATIONS (Continued) 

tpLZB 

Propagation Delay from a Logical “0” to 
TRI-STATE from CD to B Port 

AO to A7 = 0.4V, T/R = 2.4V (Figure C) 
S3 = 1,R5 = 1k,C4 = 15 pF 

tpHZB 

Propagation Delay from a Logical “1” to 
TRI-STATE from CD to B Port 

AO to A7 = 2.4V, T/R = 2.4V (Figure C) 
S3 = 0,R5 = 1k,C4 = 15 pF 

tpZLB 

Propagation Delay from TRI-STATE to 
a Logical “0" from CD to B Port 

AO to A7 = 0.4V, T/R = 2.4V (Figure C) 
S3 = 1, R5 = lOOfi, C4 = 300 pF 
S3 = 1, R5 = 6670, C4 == 45 pF 

tpZHB 

Propagation Delay from TRI-STATE to 
a Logical “1 ” from CD to B Port 

AO to A7 = 2.4V, T/R = 2.4V (Figure C) 
S3 = 0, R5 = 1k,C4 = 300 pF 
S3 = 0, R5 = 5k, C4 = 45 pF 


13 

18 

ns 

8 

15 

ns 

32 

40 

ns 

16 

22 

ns 

26 

35 

ns 

14 

22 

ns 


TRANSMIT/RECEIVE MODE SPECIFICATIONS 


tTRL 

Propagation Delay from Transmit Mode to 
Receive a Logical “0”, T/R to A Port 

CD = (Figure B) 

51 = 0, R4 = lOOn, C3 = 5 pF 

52 = 1,R3 = 1k,C2 = 30 pF 

tTRH 

Propagation Delay from Transmit Mode to 
Receive a Logical “1 ”, T/R to A Port 

CD = 0.4V, (Figure B) 

51 = 1,R4 = 100n,C3 = 5pF 

52 = 0, R3 = 5k, C2 = 30 pF 

fRTH 

Propagation Delay from Receive Mode to 
Transmit a Logical "1 ”, T/R to B Port 

CD = 0.4V (Figure B) 

51 = 0, R4 = 1k,C3 = 300 pF 

52 = 1,R3 = 300D,C2 = 5pF 


30 

40 

ns 

28 

40 

ns 

28 

40 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 

Note 2: Unless othenvise specified, min/max limits apply across the supply and temperature range listed In the table of Recommended Operating Conditions. All 
typical values given are for Vcc = 5V and Ta = Z5‘C. 

Note 3: All currents into device pins are positive: all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 

Switching Time Waveforms and AC Test Circuits 

INPUT t, =t| < ID ns tf— ^ 

. non 1.5 V-/- 10% TO 90% -Vl.sv 




Note: C1 includes test fixture capacitance. 

FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port 
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Switching Time Waveforms and AC Test Circuits (Continued) 



Vcc 



Note: C2 and C3 include test fixture capacitance. 

FIGURE B. Propagation Delay from T/R to A Port or B Port 



PORT 

INPUT 



TL/F/8793-7 


TL/F/8793-8 


Note: C4 includes test fixture capacitance. 

Port input is in a fixed logical 
condition. See AC table. 

FIGURE C. Propagation Delay to/from TRI-STATE from CD to A Port or B Port 




DP8307A 


National 

Semiconductor 


DP8307A 8-Bit TRI-STATE® 
Bidirectional Transceiver (Inverting) 


General Description 

The DP8307A is a high speed Schottky 8-bit TRI-STATE 
bidirectional transceiver designed to provide bidirectional 
drive for bus oriented microprocessor and digital communi- 
cations systems. It is capable of sinking 16 mA on the A 
ports and 48 mA on the B ports (bus ports). PNP inputs for 
low input current and an increased output high (Vqh) level 
allow compatibility with MOS, CMOS, and other technolo- 
gies that have a higher threshold and less drive capabilities. 
In addition, it features glitch-free power up/down on the B 
port preventing erroneous glitches on the system bus in 
power up or down. 

DP 8303A an d DP7304B/DP8304B are featured with Trans- 
mit/Receive (T/R) and Chip Disable (CD) inputs to simplify 
control logic. For greater design flexibility, DP8307A and 
DP7308 /DP8308 is featured with Transmit (T) and 
Receive (R) control inputs. 

Logic and Connection Diagrams 


I 1 



TL/F/8794-1 


Logic Tabie 


Control Inputs 

Resulting Conditions 

Transmit 

Receive 

A Port 

BPort 

1 

0 

OUT 

IN 

0 

1 

IN 

OUT 

1 

1 

TRI-STATE 

TRI-STATE 

0 

0 

Both Active* 


•This is not an intended logic condition and may cause osciiiations. 


Features 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface with 
bus oriented systems 

■ PNP inputs reduce input loading 

■ Output high votlage interfaces with TTL, MOS, and 
CMOS 

■ 48 mA/300 pF bus drive capability 

■ Pinouts simplify system interconnections 

■ Independent T and R controls for versatility 

■ Compact 20-pin dual-in-line package 

■ Bus port glitch free power up/down 


Dual-ln-Llne Package 



TL/F/8794-2 

Top View 

Order Number DP8307AJ or DP8307AN 
See NS Package Number J20A or N20A 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, Lead Temperature (soldering, 4 sec.) 260°C 

contact the National Semiconductor Sales Office/ Storage Temperature -eS'Cto -M50°C 

Distributors for availability and specifications. 

Supply Voltage 7v Recommended Operating 

Input Voltage 5.5V Conditions 

Output Voltage 5.5V ,,, „ ,, ,, 

Min Max Units 

Maximum Power Dissipation- at 25”C Supply Voltage (Vcc) 4.75 5.25 V 

Cavity Package 1667 mW J \ 

Molded Package 1832mW Temperature (Ta) 0 70 «C 

'Derate cavity package 11.1 mW/°C above 25°C; derate molded package 
14.7 mW/”C above 25'C. 

DC Electrical Characteristics (Notes 2 and s) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

A PORT (A0-A7) 

V|H 

Logical “1” Input Voltage 

T = V|L, R = 2.0V 

2.0 



V 

V|L 

Logical “0" Input Voltage 

T = V|L, R = 2.0V 



0.7 

V 

VoH 

Logical “1” Output Voltage 

T = 2.0V, R = V|L 
V|L = 0.5V 

lOH = —0.4 mA 

Vcc - 1-15 

< 

o 

o 

I 

o 


V 

lOH = -3 mA 

2.7 

3.95 


V 

VoL 

Logical “0” Output Voltage 

T = 2.0V, 
R = V|L 

lOL =16 mA 


0.35 

0.5 

V 

loL = 8 mA 


0.3 

0.4 

V 

los 

Output Short Circuit 
Current 

T = 2.0V, R = V|L, Vo = OV, 
Vcc = Max, (Note 4) 

-10 

-38 

-75 

mA 

l|H 

Logical “1 ” Input Current 

T = ViL, R = 2.0V, V|H = 2.7V 


0.1 

80 

jliA 

Bi 

Input Current at Maximum 
Input Voltage 

R = T = 2.0V, Vcc = Max, V|H = 5.25V 



1 

mA 

l|L 

Logical “0” Input Current 

T = V|l,R = 2.0V, V|N = 0.4V 


-70 

-200 

p.A 

VCLAMP 

Input Clamp Voltage 

T = R = 2.0V, l|N = -12 mA 


-0.7 

-1.5 

V 

•OD 

Output/Input 
TRI-STATE Current 

T = R = 2.0V 

V|N = 0.4V 



-200 

jaA 

V|N = 4.0V 



80 

JU.A 

BPORT(BO-B7) 

V|H 

Logical “1 ” Input Voltage 

T =2.0V, R = V|L 

2.0 



V 

V|L 

Logical “0” Input Voltage 

T = 2.0V, R = V|L 



0.7 

V 

VoH 

Logical “1 ” Output Voltage 

T = V|L, R = 2.0V 
V|L = 0.5V 

lOH = ~0.4 mA 

Vcc - 1.15 

GO 

O 

1 

o 

o 

> 


V 

lOH = “5 mA 

2.7 

3.9 


V 

lOH — ~ 1 0 mA 

2.4 

3.6 


V 

VoL 

Logical “0” Output Voltage 

T = V|L, R = 2.0V 

•oL = 20 mA 


0.3 

0.4 

V 

Iql = 48 mA 


0.4 

0.5 

V 

los 

Output Short Circuit 
Current 

T = V|L, R = 2.0V, Vo = OV, 
Vcc = Max, (Note 4) 

-25 

-50 

-150 

mA 

l|H 

Logical “1 ” Input Current 

T = 2.0V, R = ViL, ViH = 2.7V 


0.1 

80 

]u,A 

m 

Input Current at Maximum 
Input Voltage 

T = R = 2.0V, Vcc = Max, V|h = 5.25V 



1 

mA 

l|L 

Logical “0” Input Current 

T = 2.0V, R = V|L, V|N = 0.4V 


-70 

-200 

fiA 

VcLAMP 

Input Clamp Voltage 

T = R = 2.0V, l|N = -12 mA 


-0.7 

-1.5 

V 

>OD 

Output/Input 
TRI-STATE Current 



T = R = 2.0V 



V|N = 0.4V 



-200 

fiA 

V|N = 4.0V 



-1-200 

JU.A 
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DP8307A 




















































































































































DP8307A 


DC Electrical Characteristics (Notes 2 and 3) (Continued) 


Symbol 


CONTROL INPUTS T,R 



Logical “1” Input Voltage 


Logical “0” Input Voltage 


Logical “1” Input Current 


Maximum Input Current 


Logical “0” Input Current 


VcLAMP I Input Clamp Voltage 


POWER SUPPLY CURRENT 


Conditions 


V|H = 2.7V 


Vcc = Max, V|H = 5.25V 


V|L = 0.4V 


Max Units 



Power Supply Current 


I|N = -12 mA 


T = R = 2.0V, V|N = 2.0V. Vcc = Max 


‘ = 0.4V, Vina = R = 2V. Vcc = Max 



70 

100 

mA 

100 

150 

mA 


AC Electrical Characteristics vcc = sv.ta = 25°c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

A PORT DATA/MODE SPECIFICATIONS 

tpDHLA 

Propagation Delay to a Logical “0” from 
B Port to A Port 

T = 2.4V, R = 0.4V (Figure A) 
R1 = 1k,R2 = 5k, Cl = 30 pF 


8 

12 

ns 

tpDLHA 

Propagation Delay to a Logical “1 ” from 
B Port to A Port 

T = 2.4V, R = 0.4V (Figure A) 
R1 = 1k, R2 = 5k, Cl = 30 pF 


11 

16 

ns 

tpLZA 

Propagation Delay from a Logical “0” to 
TRI-STATE from R to A Port 

BO to B7 = 2.4V, T = 2.4V (Figure B) 
S3 = 1.R5 = 1k,C4 = 15 pF 


10 

15 

ns 

tpHZA 

Propagation Delay from a Logical “1” to 
TRI-STATE from R to A Port 

BO to B7 = 0.4V, T = 2.4V (Figure B) 
S3 = 0. R5 = 1k,C4 = 15 pF 


8 

15 

ns 

tpZLA 

Propagation Delay from TRI-STATE to 
a Logical “0" from R to A Port 

BO to B7 = 2.4V, T = 2.4V (Figure B) 
S3 = 1.R5 = 1k,C4 = 30 pF 


25 

35 

ns 

tpZHA 

Propagation Delay from TRI-STATE to 
a Logical “1 ” from R to A Port 

BO to B7 = 0.4V, T = 2.4V (Figure B) 
S3 = 0, R5 = 5k, C4 = 30 pF 


24 

35 

ns 


B PORT DATA/MODE SPECIFICATIONS 


tpDHLB 

Propagation Delay to a Logical “0” from 
A Port to B Port 

T = 0.4V, R = 2.4V (Figure A) 

R1 = 100n, R2 = 1 k, Cl = 300 pF 
R1 = 6670, R2 = 5k, Cl = 45 pF 

tpDLHB 

Propagation Delay to a Logical “1” from 
A Port to B Port 

T = 0.4V, R = 2.4V (Figure A) 

R1 = 1000, R2 = 1 k, Cl = 300 pF 
R1 = 6670, R2 = 5k, Cl = 45 pF 

tpLZB 

Propagation Delay from a Logical “0” to 
TRI-STATE from T to B Port 

AO to A7 = 2.4V, R = 2.4V (Figure B) 
S3 = 1,R5 = 1k,C4 = 15 pF 

tpHZB 

Propagation Delay from a Logical “1” to 
TRI-STATE from T to B Port 

AO to A7 = 0.4V, R = 2.4V (Figure B) 
S3 = 0, R5 = 1k,C4 = 15 pF 

fpZLB 

Propagation Delay from TRI-STATE to 
a Logical “0” from T to B Port 

AO to A7 = 2.4V, R = 2.4V (Figure B) 
S3 = 1, R5 = 100O, C4 = 300 pF 
S3 = 1, R5 = 6670, C4 = 45 pF 

tpZHB 

Propagation Delay from TRI-STATE to 
a Logical “1 ” from T to B Port 

AO to A7 = 0.4V, R = 2.4V (Figure B) 
S3 = 0, R5 = 1k,C4 = 300 pF 
S3 = 0, R5 = 5k, C4 = 45 pF 



Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of Recommended Operating Conditions. All 
typical, values given are for Vcc = 5V and Ta = 25°C. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 
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Switching Time Waveforms and AC Test Circuits 


3V 

INPUT 
An OR Bn 

OV 



tr =t| < 10ns 
10*/. TO 90*/. 


-tPDLH 


OUTPUT 
Bn OR An 




TL/F/8794-3 


Vcc Vcc 



TL/F/8794-4 


Note: Cl includes test fixture capacitance. 

FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port 




TL/F/8794-6 


Note: C4 includes test fixture capacitance. Port input is in a fixed logical condition. See AC Table. 

FIGURE B. Propagation Delay to/from TRI-STATE from R to A Port and T to B Port 




DP7308/DP8308 


National 

Semiconductor 


DP7308/DP8308 8-Bit TRI-STATE® 
Bidirectional Transceiver (Non-Inverting) 


General Description 

The DP7308/DP8308 are high speed Schottky 8-bit TRI- 
STATE bidirectional transceivers designed to provide bidi- 
rectional drive for bus oriented microprocessor and digital 
communications systems. They are all capable of sinking 
16 mA on the A ports and 48 mA on the B ports (bus ports). 
PNP inputs for low input current and an increased output 
high (Voh) level allow compatibility with MOS, CMOS, and 
other technologies that have a higher threshold and less 
drive capabilities. In addition, they all feature glitch-free 
power up/down on the B port preventing erroneous glitches 
on the system bus in power up or down. 

DP7308 /DP8308 are featured with Transmit (T) and 
Receive (R) control inputs. 


Features 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface with 
bus oriented systems 

■ PNP inputs reduce input loading 

■ Output high voltage interfaces with TTL, MOS, and 
CMOS 

■ 48 mA/300 pF bus drive capability 

■ Pinouts simplify system interconnections 

■ Independent T and R controls for versatility 

■ Compact 20-pin dual-in-line package 

■ Bus port glitch free power up/down 


Logic and Connection Diagrams 

r- , 


TRANSMIT 

(T| 



Logic Tabie 

Control Inputs 
Transmit T Receive 


Resulting Conditions 


Dual-ln-Llne Package 



Top View 

Order Number DP7308J, DP8308J 
or DP8308N 

See NS Package Number J20A or N20A 


TRI-STATE I TRI-STATE 
Both Active* 


•This is not an intended logic condition and may cause oscillations. 
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Absolute Maximum Ratings (Note i) Recommended Operating 

If Military/Aerospace specified devices are required, ConditiOnS 

contact the National Semiconductor Sales Office/ 1 ^ 1 ^ 1 ^^^ ypll 3 

Distributors for avaiiabiiity and specifications. g^ppl^ 

Supply Voltage 7V DP7308 4.5 5.5 V 

input Voltage 5.5V DP8308 4.75 5.25 V 

Output Voltage 5.5V Temperature (Ta) 

Storage Temperature -65°Cto +150°C DP7308 -55 -M25 °C 

Maximum Power Dissipation* at 25°C DP8308 0 +70 °C 

Cavity Package 1 667 mW 

Molded Package 1 832 mW 

Lead Temperature (soldering, 4 sec.) 260°C 

•Derate cavity package 11.1 mW/°C above 25°C; derate molded package 
14.7 mW/“C above 25”C. 

DC Electrical Characteristics (Notes 2 and 3) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 1 

A PORT (A0-A7) 

V|H 

Logical “1” Input Voltage 

T = V|L, R = 2.0V 

2.0 



V 

V|L 

Logical “0” Input Voltage 

T = V|L, R = 2.0V 

DP8308 



0.8 

Di 

DP7308 



0.7 

V 

VOH 

Logical “1” Output Voltage 

T = 2.0V, R = V|L 

lOH = “0.4 mA 

Vcc“1-15 

Vcc“0.7 


V 

lOH = “3 nfiA 

2.7 

3.95 


n 

VOL 

Logical “0” Output Voltage 

T = 2.0V, 
R = V,L 

lOL = 16 mA (8308) 


0.35 

0.5 

s 

loL = 8 mA (both) 


0.3 

0.4 

n 

■os 

Output Short Circuit 
Current 

T = 2.0V, R = V|L, Vo = OV 
Vcc = Max (Note 4) 

-10 

-38 

-75 

mA 

l|H 

Logical “1 ” Input Current 

T = Vil.R = 2.0V. V|H = 2.7V 


0.1 

80 

jaA 

■ 

Input Current at Maximum 
Input Voltage 

R = T = 2.0V, Vcc = Max, V|h = 5.25V 



1 

mA 

l|L 

Logical “0” Input Current 

T = V|l,R = 2.0V, ViN = 0.4V 


-70 

-200 

JU.A 

VCLAMP 

Input Clamp Voltage 

T = R = 2.0V, l|N = -12 mA 


-0.7 

-1.5 

V 

lOD 

Output/Input 
TRI-STATE Current 

T = R = 2.0V 

V|N = 0.4V 



-200 

fxA 

V|N = 4.0V 



80 

p.A 

BPORT(BO-B7) 

V|H 

Logical "1” Input Voltage 

T = 2.0V, R = V|L 

2.0 



s 

V|L 

Logical "0” Input Voltage 


DP8308 



0.8 

n 

DP7308 



0.7 

V 

VOH 

Logical “1” Output Voltage 

T = V|L, R = 2.0V 

lOH = “0.4 mA 

Vcc“1-15 

Vcc“0.8 


n 

Iqh = “5 mA 

2.7 

3.9 


n 

lOH “ “10 mA 

2.4 

3.6 


V 

VoL 

Logical “0" Output Voltage 

T = V|L. R = 2.0V 

lOL = 20 mA 


0.3 

0.4 

mm 

Iql ^ 48 mA 


0.4 

0.5 

V 

>OS 

Output Short Circuit . 
Current 

T = V|L, R = 2.0V, Vo = OV, 
Vcc = Max (Note 4) 

-25 

-50 

-150 

mA 

IlH 

Logical “1” Input Current 

T = 2.0V, R = V|L, V|H = 2.7V 


0.1 

80 

fiA 

m 

Input Current at Maximum 
Input Voltage 

T = R = 2.0V, Vcc = Max. V|h = 5.25V 



1 

mA 

l|L 

Logical “0” Input Current 

T = 2.0V, R = V|L, V|N = 0.4V 


-70 

-200 

jaA 

VcLAMP 

Input Clamp Voltage 

T = R = 2.0V, l|N = -12 mA 


-0.7 

-1.5 

V 

>OD 

Output/Input 
TRI-STATE Current 

T = R = 2.0V 

V(N = 0.4V 



-200 

p,A 

V|N = 4.0V 



+ 200 

JU.A 
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DP7308/DP8308 


DC Electrical Characteristics (Notes 2 and 3) (Continued) 


Symbol 


CONTROL INPUTS T, R 


Conditions 



Logical “1” Input Voltage 


Logical “0” Input Voltage 


Logical “1” Input Current 


Maximum Input Current 


Logical “0” Input Current 


VcLAMP I Input Clamp Voltage 


POWER SUPPLY CURRENT 



V,H = 2.7V 


Vcc ~ Max, V|H = 5.25V 


V|L = 0.4V 


I|N = -12 mA 


Icc 

Power Supply Current 

T = R = 2.0V, V|N = 0.4V. Vcc = Max 



T = Vina = 0.4V. R = 2V. Vcc = Max 



AC Electrical Characteristics vcc = 5 v,ta = 25 c 


B PORT DATA/MODE SPECIFICATIONS 


70 

100 

mA 

90 

140 

mA 


Symbol 

Parameter 

Conditions 

A PORT DATA/MODE SPECIFICATIONS 

tpDHLA 

Propagation Delay to a Logical "0” from 
B Port to A Port 

T = 2.4V. R = 0.4V (Figure A) 
R1 = 1k.R2 = 5k. Cl = 30 pF 

tPDLHA 

Propagation Deiay to a Logical “1 ” from 
B Port to A Port 

T = 2.4V. R = 0.4V (Figure A) 
R1 = 1k.R2 = 5k. Cl = 30 pF 

tPLZA 

Propagation Delay from a Logical “0” to 
TRI-STATE from R to A Port 

BO to B7 = 0.4V. T = 2.4V (Figure B) 
S3 = 1.R5 = 1k,C4 = 15 pF 

tpHZA 

Propagation Deiay from a Logical “1” to 
TRI-STATE from R to A Port 

BO to B7 = 2.4V. T = 2.4V (Figure B) 
S3 = 0.R5 = 1k,C4 = 15 pF 

tpZLA 

Propagation Delay from TRI-STATE to 
a Logical “0” from R to A Port 

BO to B7 = 0.4V. T = 2.4V (Figure B) 
S3 = 1.R5 = 1k.C4 = 30 pF 

tpZHA 

Propagation Delay from TRI-STATE to 
a Logical “1 ” from R to A Port 

BO to B7 = 2.4V. T = 2.4V (Figure B) 
S3 = 0. R5 = 5k, C4 = 30 pF 


Min Typ Max 


14 

18 

ns 

13 

18 

ns 

11 

15 

ns 

8 

15 

ns 

24 

35 

ns 

21 

30 

ns 


tpDHLB 

Propagation Delay to a Logical “0” from 
A Port to B Port 

T = 0.4V, R = 2.4V (Figure A) 

R1 = lOOn, R2 = Ik, Cl = 300 pF 
R1 = 667n, R2 = 5k, Cl = 45 pF 

tpDLHB 

Propagation Delay to a Logical “1 ” from 
A Port to B Port 

T = 0.4V, R = 2.4V (Figure A) 

R1 = 100a, R2 = Ik, Cl = 300 pF 
R1 = 667n, R2 = 5k, Cl = 45 pF 

tPLZB 

Propagation Delay from a Logical “0” to 
TRI-STATE from T to B Port 

AO to A7 = 0.4V, R = 2.4V (Figure B) 
S3 = 1,R5 = 1k,C4 = 15 pF 

tpHZB 

Propagation Delay from a Logical “1 ” to 
TRI-STATE from T to B Port 

AO to A7 = 2.4V, R = 2.4V (Figure B) 
S3 = 0,R5 = 1k,C4 = 15 pF 

tpZLB 

Propagation Deiay from TRi-STATE to 
a Logical “0” from T to B Port 

AO to A7 = 0.4V, R = 2.4V (Figure B) 
S3 = 1. R5 = lOOn, C4 = 300 pF 
S3 = 1. R5 = 667n, C4 = 45 pF 

IPZHB 

Propagation Deiay from TRI-STATE to 
a Logical “1 ” from T to B Port 

AO to A7 = 2.4V, R = 2.4V (Figure B) 
S3 = 0,R5 = 1k,C4 = 300 pF 
S3 = 0, R5 = 5k, C4 = 45 pF 







































































































































AC Electrical Characteristics (Continued) 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of Recommended Operating Conditions. 
All typical values given are for Vcc = 5V and Ta = 25'C. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless othenvise specified. 
Note 4: Only one output at a time should be shorted. 

Switching Time Waveforms and AC Test Circuits 



Vcc 


Vcc 



Note: Cl includes test fixture capacitance. 

FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port 






DS26S10C/DS26S10M/DS26S1 1C/DS26S11M 



TL/F/5802-3 

Top View 

Order Number DS26S10CJ, DS26S10MJ 
or DS26S10CN 

See NS Package Number J16A or N16A 


TL/F/5802-4 

Top View 

Order Number DS26S11CJ, DS26S11MJ 
or DS26S11CN 

See NS Package Number J16A or N16A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Storage Temperature - 65°C to + 1 50°C 

T emperature (Ambient) Under Bias - 55°C to + 1 25°C 

Supply Voltage to Ground Potential -0.5V to + 7V 

DC Voltage Applied to Outputs for -0.5V to + Vcc Max 
High Output State 

DC Input Voltage - 0.5V to + 5.5V 

Output Current, Into Bus 200 mA 

Output Current, Into Outputs (Except Bus) 30 mA 

DC Input Current - 30 mA to + 5 mA 


Maximum Power Dissipation* at 25°C 
Cavity Package 1 433 mW 

Molded Package 1362 mW 

’Derate cavity package 9.6 mW/’C above 25*C; derate molded package 
10.9 mW/*C above 25‘C. 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage (Vcc) 

DS26S10C, DS26S11C 

4.75 

5.25 

V 

DS26S10M, DS26S11M 

4.5 

5.5 

V 

Temperature (Ta) 

DS26S10C, DS26S11C 

0 

+ 70 

“C 

DS26S10M, DS26S11M 

-55 

+ 125 

*c 


Eiectricai Characteristics (Unless otherwise noted) 


Symbol 

Parameter 

Conditions 
(Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

VOH 

Output High Voltage 
(Receiver Outputs) 

Vcc ~ Min, Iqh = ~ 1 mA, 
V|N = V|LorV|H 

Military 

2.5 

3.4 


V 

Commercial 

MSB 

3.4 


V 

VoL 

Output Low Voltage 
(Receiver Outputs) 

Vcc ~ Min, Iql = 20 mA, 
V|N = ViLOrViH 

m 


0.5 

V 

V|H 

Input High Level 
(Except Bus) 

Guaranteed Input Logical High for 
All Inputs 

2.0 



V 

V|L 

Input Low Level 
(Except Bus) 

Guaranteed Input Logical Low for 
All Inputs 

■ 


0.8 

V 

V| 

Input Clamp Voltage 
(Except Bus) 

Vcc ~ Min, l||\| = — 18 mA 

■ 


-1.2 

V 

l|L 

Input Low Current 
(Except Bus) 

Vcc ~ Max, V|N = 0.4V 

Enable 



-0.36 

mA 

Data 



-0.54 

mA 

IlH 

Input High Current 
(Except Bus) 

Vcc ~ Max, V|N = 2.7V 

Enable 



20 

fx,A 

Data 



30 

JU.A 

l| 

Input High Current 
(Except Bus) 

Vcc = Max, V|N = 5.5V 

■ 


100 

juA 

Isc 

Output Short-Circuit Current 
(Except Bus) 

Vcc = Max, (Note 3) 

Military 

-20 


-55 

mA 

Commercial 

-18 


-60 

mA 

ICCL 

Power Supply Current 
(All Bus Outputs Low) 

Vcc = Max, Enable = GND 

DS26S10 


45 

70 

mA 

DS26S11 



80 

mA 










































































DS26S10C/DS26S10M/DS26S11C/DS26S11M 


Bus Input/Output Characteristics 


Symbol Parameter 


Vql Output Low Voltage 

Vcc ~ 


Bus Leakage Current 


Bus Leakage Current (Power OFF) Vq = 4.5V 


Conditions 


Military 

loL ^ 40 mA 


Iql = 70 mA 


Iql = 100 mA 

Commercial 

Iql = 40 mA 


Iql = 70 mA 


Iql = 100 mA 


Vo = 0.8V 

Military 

Vo = 4.5V 

Commercial 

Vo = 4.5V 


Receiver Input High Threshold 


Receiver Input Low Threshold 


Bus Enable = 2.4V, 
Vcc ~ 


Bus Enable = 2.4V, 
Vcc ~ Min 


Military 


Commercial 


Military 


Commercial 



Note 1: For conditions shown as min or max, use the appropriate value specified under Electrical Characteristics tor the applicable device type. 
Note 2: Typical limits are at Vcc = 5V, 25”C ambient and maximum loading. 

Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Switching Characteristics (Ta = 25 c, vcc = 5v> 


Conditions 


Rb = son, Cb = 50 pF (Note 1) 


Symbol 

Parameter 

tpLH 

Data Input to Bus 

tpHL 

Data Input to Bus 

tPLH 

Data Input to Bus 

tpHL 

Data Input to Bus 

tpLH 

Enable Input to Bus 

tpHL 

Enable Input to Bus 

tpLH 

Enable Input to Bus 

tpHL 

Enable Input to Bus 

tpLH 

Bus to Receiver Out 

tpHL 

Bus to Receiver Out 

BB 

Bus 


Bus 


Rb = 50n, Rl = 280n, Cb = 50 pF (Note 1), 
Cl = 15 pF 


Rb = son, Cb = so pF (Note 1) 




Typ 

Max 

Units 

10 

15 

ns 

10 

15 

ns 

12 

19 

ns 

12 

19 

ns 

14 

18 

ns 

13 

18 

ns 

15 

20 

ns 

14 

20 

ns 

10 

15 

ns 

10 

15 

ns 

10 


ns 

4.0 


ns 


Note 1: Includes probe and jig capacitance. 

Truth Tabies 



Outputs 

B 

Z 

H 

L 

L 

H 

Y 

Y 



Outputs 

B 

Z 

L 

H 

H 

L 

Y 

Y 




H = High voltage level 
L = Low voltage level 
X = Don’t care 

Y = Voltage level of bus (assumes control by another bus transceiver) 
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Typical Application 


STROBE INPUTS STROBE INPUTS STROBE INPUTS STROBE INPUTS 



100 PARTY LINE OPERATION 


TL/F/5802-5 


AC Test Circuit and Switching Time Waveforms 


ZTEST 

Vcc POINT Vcc 



Note 1: Includes probe and jig capacitance. 


TL/F/5802-6 


DSZ6S11 

TINPUT 


DSZ6S10 
I INPUT 


F INPUT 


B TEST POINT 


ZTEST POINT 
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DS26S10C/DS26S10M/DS26S11C/DS26S11M 












DS26S10C/DS26S10M/DS26S1 1C/DS26S1 1 M 


Typical Performance Characteristics 


Typical Bus Output Low Volt- Receiver Threshold Variation 

age vs Ambient Temperature vs Ambient Temperature 



Tft - AMBIENT TEMPERATURE (”C) T/v - AMBIENT TEMPERATURE (“C) 

TL/F/5802-8 TL/F/5802-9 


Schematic Diagram 



TL/F/5802-10 
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National 

Semiconductor 


DS3662 Quad High Speed Trapezoidal™ Bus Transceiver 


General Description 

The DS3662 is a quad high speed Schottky bus transceiver 
intended for use with terminated 1 20fl impedance lines. It is 
specifically designed to reduce noise in unbalanced trans- 
mission systems. The open collector drivers generate pre- 
cise trapezoidal waveforms with rise and fall times of 15 ns 
(typical), which are relatively independent of capacitive 
loading conditions on the outputs. This reduces noise cou- 
pling to the adjacent lines without any appreciable impact 
on the maximum data rate obtainable with high speed bus 
transceivers. In addition, the receivers use a low pass filter 
in conjunction with a high speed comparator, to further en- 
hance the noise immunity. Tightly controlled threshold lev- 
els on the receiver provide equal rejection to both negative 
and positive going noise pulses on the bus. 

The external termination is intended to be a 180n resistor 
from the bus to 5V logic supply, together with a 390fl resis- 
tor from the bus to ground. The bus can be terminated at 
one or both ends. A two input NOR gate is provided to dis- 
able all drivers in a package simultaneously. 


Features 

■ Pin to pin functional replacement for DS8641 

■ Guaranteed AC specifications on noise immunity and 
propagation delay over the specified temperature and 
supply voltage range 

■ Temperature insensitive receiver thresholds track bus 
logic level 

■ Trapezoidal bus waveforms reduce noise coupling to 
adjacent lines 

■ Precision receiver thresholds provide maximum noise 
immunity and symmetrical response to positive and 
negative going pulses 

■ Open collector driver output allows wire-OR connection 

■ High speed Schottky technology 

■ 15 jaA typical bus termination current with normal Vcc 
or with Vcc ^ OV 

■ Glitch free power up/down protection on the driver out- 
put 

■ TTL compatible driver and disable inputs, and receiver 
outputs 


Block and Connection Diagram 


Dual-ln-Line Package 

Vcc BUS1 INI 0UT1 BUS 2 IN 2 OUT 2 DISABLE A 



BUS 3 IN 3 OUT 3 BUS 4 IN 4 OUT 4 DISABLES GND 

TL/F/5803-1 

Top View 

Order Number DS3662J or DS3662N 
See NS Package Number J16A or N16A 
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DS3662 



DS3662 


Absolute Maximum Ratings (Note i) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7V 

Input and Output Voltage 5.5V 

Storage Temperature Range -65°C to + 150°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded Package 1476 mW 

Lead Temperature (Soldering, 4 sec.) 260*0 

Electrical Characteristics (Notes 2 and 3) 


Symbol Parameter 


DRIVER AND DISABLE INPUTS 


Recommended Operating 
Conditions 

Min Max Units 

Supply Voltage (Vcc) 4.75 5.25 V 

Temperature Range (Ta) 0 70 °C 

•Derate cavity package 10.1 mW/°C above 25”C; derate molded package 
11.8 mW/“C above 25°C. 


Conditions 


V|H 

Logical “1” Input Voltage 

V|L 

Logical “0” Input Voltage 

l| 

Logical “1 ” Input Current 

l|H 

Logical “1” Input Current 

l|L 

Logical “0” Input Current 

VCL 

Input Diode Clamp Voltage 

DRIVER OUTPUT/RECEIVER INPUT 

VOLB 

Low Level Bus Voltage 

l|HB 

Maximum Bus Current 

IlLB 

Maximum Bus Current 

VlH 

High Level Receiver Threshold 

V|L 

Low Level Receiver Threshold 

RECEIVER OUTPUT 


V|N = 5.5V 


V|N = 2.4V 


V|N = 0.4V 


ICLAMP = -12 mA 


Vdis = 0.8V, V|N = 2V, IbuS — 100 mA 


V|N = 0.8V, Vbus = 4V. Vcc = 5.25V 


V|N = 0.8V, Vbus = 4V, Vcc = ov 


ViN = 0.8V, VoL = 16 mA 


V|N = 0.8V, loH = -400 jtiA 


VoH 

Logical “1 ” Output Voltage 

V|N = 0.8V, Vbus 0.5V, Iqh — — 400 fxA 

VoL 

Logical “0” Output Voltage 

V|N = 0.8V, Vbus — 4V, Iql — 16 mA 

los 

Output Short Circuit Current 

Vdis = 0.8V, V|n = o.8V,Vbus = o.5V, 
Vos = ov, Vcc = 5.25V, (Note 4) 

Icc 

Supply Current 

Vdis = ov, V|n = 2V 



Switching Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions | 

I PROPAGATION DELAYS 

tpLHD 

Disable to Bus “1" 

Figure 1 

tPHLD 

Disable to Bus “0” 


tpLHB 

Driver Input to Bus “1” 

Figure 2 

tPHLB 

Driver Input to Bus “0” 


tpLHR 

Bus to Logical “1 ” Receiver Output 

Figure 3 

tPHLR 

Bus to Logical “0” Receiver Output 



Typ 

Max 

Units 

1 

25 

35 

ns 

25 

35 

ns 

20 

30 

ns 

20 

30 

ns 

25 

40 

ns 

25 

40 

ns 


NOISE IMMUNITY 


Vb. ffB 

Rise and Fall Times (10% -90%) 
of the Driver Output 

Figure 2 

tnR 

Receiver Noise Rejection 
Pulse Width 

No Response at Receiver 
Output as per Figure 4 


15 

20 

ns 

20 

10 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics” and “Recommended Operating Conditions” provide conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the supply and temperature range listed in the table of “Recommended Operating Conditions”. All 
typical values are for T^ = 25°C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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DS3662 



Typical Application 


120n Unified Data Bus 

5V SV 



TL/F/5803-11 




DS3662— The Bus 
Optimizer 


National Semiconductor 
Application Note 259 
R. V. Balakrishnan 


I. INTRODUCTION 

A single ended Bus is an unbalanced Data Transmission 
medium, which is timeshared by several system elements. 
Like any unbalanced system, it is highly susceptible to com- 
mon-mode noise, such as ground noise and crosstalk. In 
general, the latter determines the maximum physical length 
of the Bus that can be incorporated with acceptable reliabili- 
ty. Crosstaik is a major problem in high speed computer 
Buses which empioy Schottky Transceivers for increased 
data rate capabiiity. It is therefore highly desirable to mini- 
mize crosstalk noise in Bus circuits to allow for longer Buses 
and to provide higher system reliability. 

This article describes the operation of the DS3662 Quad 
High Speed Trapezoidai Bus Transceiver, which has been 
specialiy designed to minimize crosstaik problems. The 
Driver generates precise Trapezoidal waveforms that re- 
duce noise coupiing to adjacent Bus channeis. The Receiv- 
er uses a low pass filter, whose time constant is matched to 
the Driver slew rate to provide maximum noise rejection with 
acceptable signal delay characteristics. Precision high 
speed circuitry optimizes noise immunity without sacrificing 
the high data rate capability of Schottky Transceivers. 

II. THE PROBLEM 

Conventional Bus Drivers are designed to provide high out- 
put currents for charging and discharging relatively large 
Bus capacitances quickly. These high speed transitions are 
characterized by peak siew rates of up to 5V/ns around the 
mid-region of the transition. This can cause considerable 
noise coupling to adjacent iines, commonly referred to as 
crosstalk. Crosstalk also includes noise induced by sources 


external to the Bus. Additional noise may be generated due 
to reflections at imperfect terminations. 

Bus Receviers are designed to respond to high speed tran- 
sitions and to provide low propagation deiays. Unfortunate- 
ly, their fast response resuits in high noise sensitivity. The 
combined effect of the noise on the Bus and the sensitivity 
of the Receiver to the noise severely limits the Bus perform- 
ance. 

III. THE SOLUTION 

The above situation can be considerably improved by em- 
ploying noise reduction techniques in both the Driver and 
the Receiver circuits. Slew rate control can be used in the 
Driver to reduce crosstalk, and Receiver noise sensitivity 
can be reduced by using a low pass filter at its input. These 
techniques are commonly used in line transmission circuits 
where the associated data rates in generai are considerabiy 
lower. However, these techniques do present some difficul- 
ties in high speed Bus circuits, increased rise and fall times, 
resuiting from slew rate control, can affect data rates unless 
care is taken to limit the maximum rise and fail times to 
minimum pulse width requirements. With any appreciable 
slew rate control, the rise and fail times of the resulting Driv- 
er output waveform will be comparable to the pulse widths 
at maximum data rates. This condition dictates high fidelity 
of the transmitted waveform and precise Receiver thresh- 
olds at the middle of the Bus voltage swing in order to mini- 
mize pulse width distortion. Figure 1 illustrates the different 
sources of pulse width distortion due to the trapezoidal na- 
ture of the signal. 




DRIVER OUTPUT 
AND 

RECEIVER INPUT 


DRIVER OUTPUT 

vth and 

RECEIVER INPUT 


RECEIVER OUTPUT 


RECEIVER OUTPUT 


DRIVER OUTPUT 

receiver input 

I I 

I I 

I I RECEIVER OUTPUT 


DRIVER OUTPUT 
AND 

RECEIVER INPUT 


RECEIVER OUTPUT 


DISTORTION DUE TO OFF CENTERED 
RECEIVER THRESHOLDS (Vth) 


DISTORTION DUE TO NON SYMMETRICAL 
TRAPEZOIDAL DRIVER OUTPUT WAVEFORM 


TL/F/5857-1 

FIGURE 1. Pulse Width Distortion 
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AN-259 



AN-259 


The low pass filter in the Receiver should provide optimum 
noise rejection without introducing excessive delay in pass- 
ing the signal waveform. In addition, the Receiver should 
have a symmetrical response to positive and negative going 
transitions in order to maintain a low level of pulse width 
distortion, as well as equal noise rejection to positive and 
negative going noise pulses. The response of an ideal low 
pass filter to signal and noise pulses is shown in Figure 2. 
The DS3662 overcomes these and other problems by using 
high speed linear circuitry with on-chip capacitors for con- 
trolling slew rate and low pass filtering. The Driver is of open 
collector type intended for use with terminated 120fl Buses. 
The external termination consists of a 180n resistor from 
the Bus to -I- 5V logic supply with a 390(1 resistor from the 
Bus to ground. Such a termination results in a Bus logic high 
level of 3.4V with Vcc at 5V {See Figure 2). The Bus can be 
terminated at one or both ends as shown in Figure 3. 


IV. THE DRIVER 

Using a Miller integrator circuit, the Driver generates a lin- 
early rising and falling waveform with a constant slew rate of 
0.2V/ns (typical) during the entire period of transition. This 
corresponds to typical rise and fall times of 1 5 ns. Figure 4 
compares the output waveform of a typical Schottky Driver 
and the DS3662 under different capacitive loads. It should 
be noted that even under heavy loading, the regular Drivers 
have peak slew rates that are considerably higher than the 
average. In contrast, the trapezoidal waveform provides 
considerably lower slew rate with slightly higher rise and fall 
times. Such an increase in rise and fall time has very little 
effect on data rates. In fact, the high fidelity of the transmit- 
ted waveform allows pulse widths as low as 20 ns to be 
transmitted on the Bus, as shown in Figure 5. 

The block diagram of the Driver is shown in Figure 6 and 7. 
When a high to low transition is applied to the input, switch 
‘S’ opens and node ‘A’ is pulled low by the current source 
T. This switches the amplifier output to a high state. The 
slew rate of the output transition is limited by the charging 
current through the capacitor, a constant value equal to I/C 
volts/sec. 


LOW PASS FILTER 


INPUT AAA - OUTPUT 
(BUS) — (TO RECEIVER) 


BUS 

TERMINATION 



^ nal ;^^-- 1 

V 



txi ,J 








BUS LOGIC HIGH 
LEVEL = 3.4V 


RECEIVER THRESHOLD 
nH = 1.7V 


0 10 ZO 30 40 50 0 10 ZO 30 40 50 

TIME IN NANO SECONDS 


FIGURE 2. Ideal Receiver Low Pass Filter Response 
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120 Q UNIFIED DATA BUS 



FIGURE 3. Bus Termination 


TL/F/5857-4 



TL/F/5857-5 

©—Typical High Speed Driver Output Unloaded 
® — Typical High Speed Driver Output Loaded 

® — Typical Output of Controlled Slew Rate Driver Which is Load Indepen- 
dent 


O tr 

® V 
® V 


tf ~ 3 ns Note: The word “loading" here 

tf ~ 10 ns refers to capacitive 

. , - loading only, 

tf ~ 15 ns 

FIGURE 4. Waveform Comparison 


_n 


DRIVER INPUT 


Vo yv 3.4V 

Vo/2 driver output 

OV y I I > 

|-* — ^tpm 

TL/F/5857-6 

fpm = 20 ns tr = t| = 15 ns 

(10% to 90%) 


FIGURE 5. Minimum Pulse Width Driver Output 



FIGURE 6. Driver 


TL/F/5857-7 


FIGURE 7. Driver 


TL/F/5857-8 
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The AC response of the DS3662 Driver and Receiver are 
depicted in Figures 1 1 and /^respectively. Figure 1 1 shows 
the typical Driver output waveform as compared to a stan- 
dard high speed Transceiver output. Oscillograms in Figure 
/^demonstrate the ability of the Receiver to distinguish the 
trapezoidal signal from the noise. Here the Receiver rejects 
a noise pulse of 19 ns width, while accepting a narrower 
signal pulse (= 16 ns) of the same amplitude (The signal is 
triangular since the pulse width is smaller than the rise and 
fall time of the Trapezoidal Driver output). 

The performance of the Transceiver under actual operating 
condition is demonstrated in Figures 13 through 15. Oscillo- 
grams in Figure 13 clearly show the capability of the 
DS3662 in real life situations. Here it is compared with the 
DS8834 under identical conditions. The Transceivers drive 
a minicomputer Bus (flat ribbon cable) 100 feet long, termi- 
nated at the far end with taps at various lengths for connect- 
ing to the Receiver input. The cable is randomly folded to 
generate crosstalk between the various parts. In addition a 
noise pulse is induced on the signal line by driving an adja- 
cent line with a pulse generator. This corresponds to the 
second dominant pulse in the Bus waveforms at approxi- 
mately 600 ns from the main signal pulse. As can be seen, 
the DS8834 with fast rise and fall times on the Driver output 
generates more crosstalk and its Receiver easily responds 
to this crosstalk and to the externally induced noise (even 
though it has hysteresis!), limiting the useful Bus length to 


less than 10 feet. In contrast, the DS3662’s Driver gener- 
ates much less crosstalk and its Receiver is immune to the 
induced noise even when the noise amplitude exceeds the 
signal amplitude as seen in the oscillogram at 50 feet. When 
the same experiment was repeated with the DS8641 , it re- 
sponded to the noise even at 10 feet as shown in Figure 14. 
Figure 15 shows the plots of maximum data rate versus line 
length for the three Transceivers discussed above under 
two different conditions. The graph in Figure 15a is obtained 
with no consideration to the pulse width distortion whereas 
the one in Figure 15b is obtained for a maximum allowable 
pulse width distortion of ±10%. A square waveform is used 
so that the pulse width distortion criteria will apply to both 
positive and negative going pulses. These graphs clearly 
show that the DS3662 can be used at considerably higher 
data rates with lower distortion for longer distances than the 
other two Transceivers (Figure 15b) although the others 
have a slightly higher data rate capability at short distances 
with high timing distortion (Figure 15a). 

VII. CONCLUSION 

The DS3662, with its combination of a trapezoidal Driver 
and a noise rejecting Receiver utilizing on chip capacitors, 
represents a significant improvement in high speed Bus cir- 
cuits and a solution to Bus noise problems commonly en- 
countered in Mini and Microcomputer systems. 


Typical High Speed Bus Driver 
Output Waveforms 


DS3662— Trapezoidal Driver 
Output Waveform 



FiGUREII 
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ABSOLUTE MAXIMUM DATA RATE (x106 BAUD) 
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Reducing Noise on 
Microcomputer Buses 

Abstract: This paper focuses on the noise components that 
have a significant impact on the performance of a high 
speed microcomputer bus. An overview of their nature is 
followed by ways to minimize their contribution by suitable 
design of the PC board backplane, the termination network 
and the bus transceiver. The DS3662 trapezoidal bus trans- 
ceiver, which is specifically designed to minimize such noise 
on high speed buses, is presented along with its perform- 
ance data. And to conclude, some possible new transceiver 
designs for further improvement of the bus performance are 
explored. 

INTRODUCTION 

As the microcomputer bus bandwidth is extended to handle 
ever increasing clock rates, the noise susceptibility of a sin- 
gle-ended bus poses a serious threat to the overall system 
integrity. Thus, it is mandatory that the various noise contri- 
butions be taken into account in the design of the bus trans- 
ceiver, the PC board backplane and the bus terminations to 
avoid intermittent or total failure of the system. 

Although noise such as crosstalk and reflections are inevita- 
ble in any practical bus configuration, their impact on the 
system can be determined and minimized by careful design 
of all three components mentioned above. The combined 
contribution of the noise under worst-case conditions 
should be within the noise margin for reliable bus operation. 
The design of the transceiver plays a significant role in mini- 
mizing crosstalk and reflection. The bus can be optimized 
for minimum noise at a given bandwidth by using a trapezoi- 
dal driver having suitable rise and fall times along with a 
matched low pass filtered receiver which provides a sym- 
metrical noise margin. The DS3662 is one such transceiver, 
the first member in the family of trapezoidal bus transceviers 
available from National Semiconductor Corporation. This 
device represents a significant improvement in high speed 
bus circuit design and provides a solution to commonly en- 
countered bus noise problems. 

THE MICROCOMPUTER BUS 

A typical microcomputer bus usually consists of a printed 
circuit board backplane with signal and ground traces on 
one side and a ground plane on the other. The length 
ranges from a few inches to several feet with as many as 32 
closely spaced (0.6" typical) card edge connectors. Each 
signal line interacts with the ground plane to form a trans- 
mission line with characteristic impedance ‘Z’ in the range 
of 900-1 20fi typical. It is desirable to have as large 
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a ‘Z’ as possible in order to reduce the drive requirement of 
the bus driver and to reduce the power dissipated at the 
terminations. But much larger values of ‘Z” translate to sig- 
nificantly larger physical dimensions and therefore are not 
very practical. 

The bus appears like a transmission line to any signal hav- 
ing a transition time ‘V less than the round trip delay ‘2Ti_’ of 
the bus. The bus delay Ti_’ is given by: 

Tl = L^/^TCT (1) 

where L = length of the bus 

LI = distributed inductance per unit length 
C1 = distributed capacitance per unit length 
For a typical unloaded lOOfl microstrip line. Cl = 20 pF/ft 
and LI = 0.2 p.H/ft. Therefore, Tl = 2.0 ns/ft. This corre- 
sponds to approximately half the speed of light. However, 
the capacitive loading at each connector on the backplane 
increases the delay time significantly. The loaded delay time 
‘Tll’ is given by: 

Tll = TlVi + (Cl/Ci (2) 

where Cl = distributed load capacitance/unit length 
Given a 10 pF loading at each connector (connector -I- 
transceiver capacitance) and a 0.6" spacing between con- 
nectors, Cl = 200 pF/ft and Tll = 6-6 ns/ft. So even a 6" 
long bus has a 2Tll = 6.6 ns, which is higher than the 
transition time (V) of many high speed bus drivers. When in 
doubt, it is always better to use the transmission line ap- 
proach than the lumped circuit approach as the latter is an 
approximation of the former. Also, the transmission line 
analysis gives more pessimistic (worst-case) values of 
crosstalk and reflection and is, hence, safer. 

CROSSTALK REDUCTION 

The crosstalk is due to the distributed capacitive coupling 
Cc and the distributed inductive coupling Lc between two 
lines. When crosstalk is measured on an undriven sense 
line next to a driven line (both terminated at their character- 
istic impedances), the near end crosstalk and the far end 
crosstalk have quite distinct features, as shown in Figure 1. 
Their respective peak amplitudes are: 

Vne = Kne(2Tl)(V|/V) for tr > 2 Tl (3) 

Vne=Kne(V|) fortr<2TL (4) 

VPE = Kfe(L)(V|/V) (5) 

where V| = signal swing on the drive line. 
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The coupling constants are given by the expressions: 


Kne = 


Kfe 


L(CcZ + Lc/Z) 
4Tl 

CcZ - Lc/Z 


ns/ft 


(6) 

(7) 


The near end component reduces to zero at the far end and 
vice versa. At any point in between, the crosstalk is a frac- 
tional sum of near and far end crosstalk waveforms shown. 
It should be noted from expressions 6 and 7 that the far end 
crosstalk can have either polarity whereas the near end 
crosstalk always has the same polarity as the signal causing 
it. In microstrip backplanes the far end crosstalk pulse is 
usually the opposite polarity of the original signal. 

Although the real world bus is far from the ideal situation 
depicted in Figure 1, several useful observations that apply 
to a general case can be made: 

1. The crosstalk always scales with the signal amplitude. 

2. Absolute crosstalk amplitude is proportional to slew rate 
V|/tr, not just 1 /tr. 

3. Far end crosstalk width is always V 

4. For tr < 2 Tl, the near end crosstalk amplitude V(sie 
pressed as a fraction of signal amplitude V| is a function of 
physical layout only. 

5. The higher the value of ‘tr’ the lower the percentage of 
crosstalk (relative to signal amplitude). 

The corresponding design implications are: 


1. The noise margin expressed as a percentage of the sig- 
nal swing is what’s important, not the absolute noise margin. 
Therefore, to improve noise immunity, the percentage noise 
margin has to be maximized. This is achieved by reducing 
the receiver threshold uncertainty region and by centering 
the threshold between the high and low levels. 

2. Smaller signal amplitude with the same transition time 
reduces bus drive requirements without reducing noise im- 
munity. 

3. Far end crosstalk is eliminated if the receiver is designed 
to reject pulses having pulse widths less than or equal to t,-. 

4. When V < 2Ti_, the near end crosstalk immunity for a 
given percentage noise margin has to be built into the back- 
plane PC layout. Since (Vne/V|) = K^e for this case, Kne 
should be kept lower than the available worst-case noise 
margin. Kne i^iay be reduced by either increasing the spac- 
ing between lines or by introducing a ground line in be- 
tween. The ground line, in addition to increasing the spacing 
between the signal lines, forces the electric field lines to 
converge on it, significantly reducing crosstalk. 

5. For minimum crosstalk the rise and fall times of the signal 
waveform should be as large as possible consistent with the 
minimum pulse width requirements of the bus. A driver that 
automatically limits the slew rate of the transition can go a 
long way in reducing crosstalk. 



FIGURE 1. Crosstalk under Ideal Conditions 
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CROSSTALK MEASUREMENT 

When multiple lines on either side of the sense lines switch 
simultaneously the crosstalk is considerably larger, typically 
3.5 times the single line switching case for microstrip back- 
planes. Also, the location of the drivers on the driven lines 
and the receiver on the sense line for worst-case crosstalk 
differs for the near end and far end cases as shown in Fig- 
ure 2 and 3 for a uniformly loaded bus. But if the far end 
crosstalk is not of the opposite polarity, then the combined 
effect of far end and near end crosstalk could have a larger 
amplitude and pulse width at a point near the middle of the 
sense line in Figure 2. So in a general case, or in the case of 
a non-uniformly loaded bus, it is advisable to check the 
sense line at several locations along the length of the bus to 
determine the worst-case crosstalk. The measurement 
should be made for both the positive and the negative tran- 
sition of the drive signal. 


THE TERMINATION 

A properly terminated transmission line has no reflections. 
But a practical microcomputer bus is neither a perfect trans- 
mission line nor is it properly terminated under all condi- 
tions. The capacitive loading at discrete locations, such as a 
used card slot, act as sources of reflection. However, in the 
limiting case when the bus is uniformly populated with a 
large number of modules, the bus behaves like a lower im- 
pedance transmission line. The loaded impedance ‘Zl’ of 
the bus is given by the expression: 


'■ V1 + Cl/Ci 

where Z = unloaded line impedance 
Unfortunately, uniform loading of the bus is not guaranteed 
at all times and even if it were (by dummy loading of 





Note: All lines terminated at both ends (not shown) 

FIGURE 2. Worst-Case Far End Crosstalk Measurement 



Note: All lines terminated at both ends (not shown) 


FIGURE 3. Worst-Case Near End Crosstalk Measurement 
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the unused slots) Zl is usually too low for proper termination 
of the bus. For example, a 10 pF per module loading of the 
100ft microstrip bus at 0.6" spacing results in a Zl = 30ft. 
One such termination at each end will require a 200 mA 
drive capacity on the bus driver for a nominal 3V swing. 
Such large drive currents and low value terminations in- 
crease the power dissipation of the system significantly in 
addition to causing other problems such as increased 
ground drop, inductive drops in traces due to iarge current 
being switched, etc. As a compromise the bus is usually 
terminated at an impedance higher than Zl but less than or 
equal to Z. Consequently, there is always some amount of 
reflection present. For a perfect transmission line the reflec- 
tion coefficient T’ is given by the well known expression: 


where Z = impedance of the bus 
Rt = termination resistance 

The net effect, in the general case of a nonuniformly loaded 
bus, is that it may take several round trip bus delays after a 
bus driver output transition, before the quiescent voltage 
level is established. However, this delay is avoided by using 
a bus driver that has sufficient drive to generate a large 
enough voltage step during the first transition to cross well 
beyond the receiver threshold region under the worst-case 
load conditions. 

Figure 4 illustrates the driver output waveform under such a 
condition. Here the fully loaded bus (with Zl = 30ft), of the 
previous example, is driven by the DS3662 bus transceiver 
at the mid point. The driver is actuaily driving two transmis- 
sion lines of Zl = 30ft in either direction from the middle 
and hence the initial step is given by: 


where Is = Standing current on the bus due to each 
termination 

For the DS3662, the termination can be designed for 21s = 
1 00 mA and therefore: 

VI = (30/2)100 = 1.5V 


This value of the initial swing is large enough to cross the 
narrow threshold region of the receiver as shown and there- 
fore no waiting period is required for the reflections to build 
up the output high level. On the negative transition the prob- 
lem is less critical due to the much higher sink capability of 
the DS3662 during puil down. 

Reflections can also be caused by resistive loading of the 
bus by the DC input current of the receiver. The resulting 
reflectoin coefficient (F) is given by the expression: 

where Ir = receiver input current 
Having a receiver with a high input impedance not only 
makes this component of refiection insignificant but aiso re- 
duces the DC load on the driver, allowing the use of lower 
value termination resistors. This is particularly true when a 
large number of modules are connected to the bus. 

The design implications of the above discussion may be 
summarized as follows: 

1. If the driver has adequate drive to produce the necessary 
voltage swing under the worst-case loading (Z\_/2), reflec- 
tions do not restrict the bus performance. This translates to 
a 100 mA minimum drive requirement for a typical microstrip 
bus. 

2. If the drive is insufficient, time should be allowed for the 
reflections to build up the voltage level before the data is 
sampled. 

3. For signals such as clock, strobe, etc., wherein the edge 
is used for triggering events, it is mandatory that the driver 
meet the above drive requirements if delayed or multiple 
triggering is to be avoided. 

4. An ideal TTL bus transceiver shouid have at least a 
100 mA drive, a high input impedance receiver with a nar- 
row threshoid uncertainty region. 



THRESHOLD 

RANGE 


V| = 100 mA X ISn = 1.5V 


FIGURE 4. Worst-Case DS3662 Output Transition for Zl = 15ft and Rj = 50ft 
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THE DS3662 TRANSCEIVER 

The DS3662 quad trapezoidal bus transceiver has been de- 
signed specifically to minimize the noise problems dis- 
cussed previously. The driver generates precise trapezoidal 
waveforms that reduce crosstalk and the receiver uses a 
low pass filter to reject noise pulses having pulse widths up 
to the maximum driver output transition times. Precision out- 
put circuitry optimizes noise immunity without sacrificing the 
high data rate capability of Schottky transceivers. 

Figure 5 shows the recommended configuration for micro- 
computer buses. The use of a 3.4V source with a single 
termination resistor at each end reduces the average power 
dissipation of the bus. However, a two resistor termination 
connected between the line and the power rails, having the 
same Thevenin’s equivalent, can be substituted for lower 
cost. 


Using a Miller integrator circuit, the driver generates a linear- 
ly rising and falling waveform with a constant slew rate of 
0.2 V/ns (Figure 6). This corresponds to a nominal transition 
time of 1 5 ns. Figure 7 compares the output waveform of a 
typical high speed driver to that of DS3662 under different 
load conditions. It should be noted that even under heavy 
loading, the regular drivers have peak slew rates that are 
much higher than the average. On the other hand, the trape- 
zoidal waveform has a much lower slew rate with only a 
slight increase in the transition time. Such an increase in the 
transition time has little or no effect on the data rates. In 
fact, the high fidelity of the DS3662 driver output waveform 
allows pulse widths as low as 20 ns to be transmitted on the 
bus. 



RT = 5onto9on 

FIGURE 5. Recommended Bus Termination for Heaviiy Loaded Microstrip Backpianes 




SLEWRATE = I/C 


FiGURE 6. DS3662 Driver 



■ote 1: Typical high speed driver output unloaded; tr = t( =: 3 ns 
Mote 2: Typical high speed driver output loaded; ~ 10 ns 

Note 3: Typical outupt of controlled slew rate driver which is load independent; V = tf = 15 ns 

FIGURE 7. Waveform Comparison 
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The receiver consists of a low pass filter followed by a high 
speed comparator, with a typical threshold of 1 JV (Figure 
8). The noise immunity of the receiver is specified in terms 
of the width of a 2.5V pulse that is guaranteed to be rejected 
by the receiver. The receiver typically rejects a 20 ns pulse 
going positive from the ground level or going negative from 
the 3.4V logic 1 level. The receiver threshold lies within a 
specified 400 mV region over the supply and temperature 
range and is centered between the low and high levels of 
the bus for a symmetrical noise margin. 



TL/F/5281-8 

FIGURE 8. DS3662 Receiver 

Other features of the device include a 100 p.A maximum DC 
bus loading specification under power ON or OFF condition 
and a glitch-free power up/down protection on the bus out- 
put. 


Waveforms in Figure 9 demonstrate the ability of the receiv- 
er to distinguish the trapezoidal signal from noise. Here the 
receiver rejects a noise pulse of 19 ns width, while accept- 
ing a narrower signal pulse (16 ns) of the same peak ampli- 
tude (the signal is triangular because of the pulse width 
which is smaller than the transition time). 

The real-world performance of the DS3662 transceiver 
shows an order of magnitude improvement in noise immuni- 
ty over conventional transceivers under actual operating 
conditions (Reference #3). The controlled rise and fall 
times on the driver output significantly reduces both near 
end and the far end crosstalk. As expected, the pulse dis- 
crimination at the receiver input virtually eliminates the far 
end crosstalk, even on extremely long buses (over 100 
feet). The near end crosstalk, which is particularly severe on 
the state of the art backplanes due to the tight spacing be- 
tween the signal lines, is easily accommodated by the large 
percentage noise margin (>75%) provided by the receiver. 
Field reports indicate that the DS3662 not only solves those 
mysterious intermittent failure problems in mini and micro- 
computer systems, but also helps them meet the new FCC 
emission requirements due to the reduced RF radiation from 
the bus. 



FIGURE 9. DS3662 Receiver Response 


TL/F/5281-12 



TL/F/5281-21 


FIGURE 10. High Speed Bus Transceiver with Low Output Loading for Microcomputer Backpianes 
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WHAT NEXT? 

Since crosstalk scales with the signal amplitude, reducing 
the signal swing has not effect on the noise immunity as 
long as the percentage noise margin remains the same. On 
the other hand, there are several advantages in having low- 
er signal swing. It reduces the drive current requirement of 
the driver thus reducing its output capacitance. Lower ca- 
pacitive loading on the bus decreases its impedance reduc- 
ing the drvie requirement even further. Having a lower cur- 
rent drive not only reduces the power dissipated at the ter- 
minations but also allows better matching of the termination 
due to the increased line impedance. In the ideal limiting 
case the driver has negligible loading effect on the bus and 
thus allows perfect termination under all load conditions. 

In practice however, there are some obvious limitations. The 
receiver thresholds have to be maintained within tighter lim- 
its at lower signal swings to maintain the same percentage 
noise margin. Also, the capacitive loading is difficult to re- 
duce beyond a certain point, due to the diminishing return in 
the way of lower current rating, as the loaded bus imped- 
ance approaches the unloaded impedance. However, the 
capacitance of an open collector driver output can be re- 
duced significantly by using a Schottky diode as shown in 
Figure 10. The diode isolates the driver capacitance when 
the output is disabled. Using reduced signal swings and pre- 
cise receiver thresholds, such a transceiver can provide sig- 


nificant improvements in microcomputer bus performance. 
The transceiver design presented in Figure 10 is being con- 
sidered for incorporation into the Futurebus standard by the 
IEEE. 

CONCLUSION 

A well designed bus transceiver goes a long way in improv- 
ing the noise immunity of a single-ended TTL bus. Further 
improvements in bus performance may come from the use 
of reduced voltage swings and better transceiver designs 
for lower bus loading and tighter receiver threshold limits. 
Although such approaches may not be TTL compatible, the 
improvement in performance gained may indeed justify a 
new standard for bus transceivers. 
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Semiconductor 


DS3667 TRI-STATE® Bidirectional Transceiver 


General Description 

The DS3667 is a high-speed Schottky 8-channel bidirection- 
al transceiver designed for digital information and communi- 
cation systems. Pin selectable totem-pole/open collector 
outputs are provided at all driver outputs. This feature, to- 
gether with the Dumb Mode which puts both driver and re- 
ceiver outputs in TRI-STATE at the same time, means high- 
er flexibility of system design. PNP inputs are used at all 
driver inputs for minimum loading, and hysteresis is provid- 
ed at all receiver inputs for added noise margin. A power 
up/down protection circuit is included at all outputs to pro- 
vide glitch-free operation during Vcc power up or down. 


Features 

■ 8-channel bidirectional non-inverting transceivers 

■ Bidirectional control implemented with TRI-STATE 
output design 

■ High speed Schottky design 

■ Low power consumption 

■ High impedance PNP inputs (drivers) 

■ Pin selectable totem-pole/open collector outputs 
(drivers) 

■ 500 mV (typ) input hysteresis (receivers) 

■ Power up/down protection (glitch-free) 

■ Dumb Mode capability 


Connection Diagram 


Dual-ln-Line Package 



Top View 

Order Number DS3667N 
See NS Package Number N20A 
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Logic Diagram 



Functional Truth Table 


Control 

Input 

Level 

Data Transceivers 

TE 

PE 

Mode 

Bus Port 

Terminal Port 

H 

H 

T 

Totem-Pole 

Output 

Input 

H 

L 

T 

Open 

Collector 

Output 

Input 

L 

H 

R 

Input 

Output 

L 

L 

D 

TRI-STATE 

TRI-STATE 

H: High Level Input 
L: Low Level Input 
T: Transmitting Mode 
R: Receiving Mode 
D: Dumb Mode 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vcc) 7.0V 

Input Voltage 5.5V 

Storage T emperature Range - 65°C to + 1 50°C 

Maximum Power Dissipation* at 25°C 
Molded Package 1832 mW 

Lead Temperature (Soldering, 4 seconds) 260°C 

‘Derate molded package 14.7 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 

Min 

Vcc. Supply Voltage 4.75 

Ta. Ambient Temperature 0 

Iql. Output Low Current 
Bus 

Terminal 


Symbol 


V|H 


V|L 


V|K 


Vhys 


VoH 


Parameter 


High Level Input Voltage 


Low Level Input Voltage 


Input Clamp Voltage 


Input Hysteresis 


High Level 
Output Voltage 


Conditions 



Low Level 
Output Voltage 


High Level 
Input Current 


l|L 

Low Level 
Input Current 

Iqs 

Short Circuit 


Output Current 

Icc 

Supply Current 

C|N 

Bus-Port 


Capacitance 


Bus 


Terminal 


Bus 


Terminal 


Bus 


TE.PE 


Terminal 
and Bus 


Terminal 
and TE, PE 


Bus 


Terminal 


Bus 



Iqh ■ —800 fiA 


Iqh = “5.2 mA 


Iql =16 mA 


Iql = 48 mA 


V| = 5.5V 


V| = 2.7V 


V| = 4V 



V| = 2V, Vo = OV (Note 4) 



0.5 

V 

0.5 

100 

ju.A 

20 

200 

-100 

)liA 

-1.0 

mA 

-75 

mA 

-200 

100 

mA 

90 

30 

PF 


Transmit, TE = 2V, PE = 2V, V| = 0.8V 


Receive, TE = 0.8V, PE = 2V, V| = 0.8V 


Vcc = OV, Vi = OV, 
f = 10 kHz (Note 5) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operations. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for Ta = 25°C and Vcc = 5 0V. 

Note 3: All currents into device pins are shown as positive: all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: This parameter is guaranteed by design. It is not a tested parameter. 
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Switching Characteristics vcc = b.ov ±5%,ta = o^cto +70°c(Notei) 


Symbol 

Parameter 

From 

To 

Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Propagation Delay Time, 
Low to High Level Output 

Terminal 

Bus 

Vl = 2.3V 
Rl = 38.3fl 


10 

20 

ns 

tpHL 

Propagation Delay Time, 
High to Low Level Output 

Cl = 30 pF 
(Figure 1) 


14 

20 

ns 

tpLH 

Propagation Deiay Time, 
Low to High Level Output 

Bus 

Terminal 

Vl = 5.0V 
Rl = 24on 


15 

20 

ns 

tpHL 

Propagation Delay Time, 
High to Low Level Output 

Cl = 30 pF 
(Figure 2) 


10 

20 

ns 

tpZH 

Output Enable Time 
to High Level 



V| = 3.0V 
Vl = OV 


19 

30 

ns 

tpHZ 

Output Disable Time 
to High Level 

TE 

Bus 

Rl = 48on 
Cl = 15 pF 
(Figure 1) 

■ 

15 

20 

ns 

tpZL 

Output Enable Time 
to Low Levei 

(Notes 2 and 3) 


V| = OV 
Vl = 2.3V 


24 

40 

ns 

tpLZ 

Output Disable Time 
to Low Level 



Rl = 38.3fl 
Cl = 15 pF 
(Figure 1) 

■ 

17 

30 

ns 

tpZH 

Output Enable Time 
to High Level 



V| = 3.0V 
Vl = OV 


19 

35 

ns 

tpHZ 

Output Disable Time 
to High Level 

TE, PE 

Terminal 

Rl = 3 kfl 
Cl = 15 pF 
(Figure 1) 

■ 

17 

25 

ns 

tpzL 

Output Enable Time 
to Low Level 

(Notes 2 and 3) 


< < 


27 

40 

ns 

tpLZ 

Output Disable Time 
to Low Level 



Rl = 28 on 

Cl = 15 pF 
(Figure 1) 

■ 

17 

30 

ns 

tpZH 

Output Pull-Up Enable 
Time 

PE 

Bus 

V| = 3V 
Vl = OV 


10 

20 

ns 

tpHZ 

Output Pull-Up Disable 
Time 

(Notes 2 and 3) 

Rl = 48on 
Cl = 15 pF 
(Figure 1) 

■ 

10 

20 

ns 


Note 1: All typical values are for Ta = 25”C, Vcc = 

Note 2: Refer to Functional Truth Table for control input definition. 

Note 3: Test configuration should be connected to only one transceiver at a time due to the high current stress caused by the V| voltage source when the 
output connected to that input becomes active. 


Switching Load Configurations 

Vl 

V| 

Vc 

TL/F/5245-3 

Vc logic high = 3.0V 
Vc logic low = OV 

*Cl includes jig and probe capacitance 

FIGURE 1 



Vl 
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‘Cl includes jig and probe capacitance 

FIGURE 2 



























































































Switching Waveforms 
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DS3667 



DS3862 


PRELIMINARY 


Semiconductor 


DS3862 Octal High Speed Trapezoidal Bus Transceiver 


General Description 

The DS3862 is an octal high speed schottky bus transceiver 
intended for use with terminated 120fl impedance lines. It is 
specifically designed to reduce noise in unbalanced trans- 
mission systems. The open collector drivers generate pre- 
cise trapezoidal waveforms with rise and fall times of 9 ns 
(typical), which are relatively independent of capacitive 
loading conditions on the outputs. This reduces noise cou- 
pling to the adjacent lines without any appreciable impact 
on the maximum data rate obtainable with high speed bus 
transceivers. In addition, the receivers use a low pass filter 
in conjunction with a high speed comparator, to further en- 
hance the noise immunity. Tightly controlled threshold lev- 
els on the receiver provide equal rejection to both negative 
and positive going noise pulses on the bus. 

The external termination is intended to be a 180fl resistor 
from the bus to 5V logic supply, together with a 390fl resis- 
tor from the bus to ground. The bus can be terminated at 
one or both ends. 


Logic and Connection Diagram 


Features 

■ Guaranteed A.C. specifications on noise immunity and 
propagation delay over the specified temperature and 
supply voltage range 

■ Temperature insensitive receiver thresholds track bus 
logic level and respond symmetrically to positive and 
negative going pulses 

■ Trapezoidal bus waveforms reduce noise coupling to 
adjacent lines 

■ Open collector driver output allows wire-or connection 

■ Advanced low power schottky technology 

■ Glitch free power up/down protection on driver and re- 
ceiver outputs 

■ TTL compatible driver and control inputs, and receiver 
outputs 

■ Control logic is the same as the DS3896 


Order Number DS3862J or DS3862N 
See NS Package Number J20A or 
N20A 


(CD)-H 
CHIP disable! 


1 “ (V^ 

TRANSMIT/ RECEIVE 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Saies Office/ 
Distributors for avaiiabiiity and specifications. 

Suppiy Voltage 6V 

Control Input Voltage 5.5V 

Driver Input and Receiver Output 5.5V 

Receiver Input and Driver Output 5.5V 

Power Dissipation 1 400 mW 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 4 seconds) 260°C 


Recommended Operating 
Conditions 

Min 

Supply Voltage, Vcc 4.75 

Operating Free Air Temperature 0 


Electrical Characteristics ox ^ Ta ^ 70°C, 4.75V ^ Vcc ^ 5.25V unless othenvise specified (Notes 2 and 3) 


Symbol 


Driver and Control Inputs: 


Conditions 



Logical “1” Input Voltage 


Logical “0” Input Voltage 


Logical “1” Input Current 


Logical “1 ” Input Current 


Logical “0” Input Current 


CD & T/R Logical “0” Input Current 


Input Diode Clamp Voltage 



An = Vcc 


An = 2.4V 


An = 0.4V 


CD = T/R = 0.4V 


Iclamp = — 12 mA 


Driver Output/Receiver Input 


VOLB 

Low Level Bus Voltage 

An = T/R = 2V, Ibus = 100 mA 

l|HB 

Logical “1 ” Bus Current 

An = 0.8V, Bn = 4V, Vcc = 5.25V and OV 

l|LB 

Logical “0” Bus Current 

An = 0.8V, Bn = OV, Vcc = 5.25V and OV 

Vth 

Input Threshold 

< 

o 

o 

II 

cn 

< 



-1 

-1.6 

-180 

-400 

-0.9 

-1.5 



Receiver Output 


VOH 

Logical “1 ” Output Voltage 

Bn = 0.9V, loh = - 400juA 

Vql 

Logical “0” Output Voltage 

Bn = 4V, Iqi = 16 mA 

Iqs 

Output Short Circuit Current 

Bn = 0.9V 

■cc 

Supply Current 

Vcc = 5.25V 




0.9 

V 

100 

jiA 

100 

jxA 


3.2 


V 

0.35 

0.5 

V 

-70 

-100 

mA 

90 

135 

mA 


Note 1: “Absolute Maximum Ratings" are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that device should be 
operated at these limits. The table of “Electrical Characteristics" provide conditions for actual device operation. 

Note 2: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless otherwise 
specified. 

Note 3: All typicals are given for Vcc = 5V and Ta = 25°C. 
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DS3862 


Switching Characteristics 0°C ^ Ta ^ 70°C, 4.75V ^ Vcc ^ 5.25V unless otherwise specified 


Symbol 

Parameter 

Driver: 

biH 

An to Bn 

tOHL 


bLHC 

CD to Bn 

tOHLC 


bLHT 

T/R to Bn 

'dhlt 


<R 

Driver Output Rise Time 


Driver Output Fall Time 


Receiver: 


tRLH Bn to An 

tRHL 


^RLZC CD to An 


Receiver Noise Rejection 
Pulse Width 




Conditions 


CD = 0.8V, T/R = 2.0V, VL = 5V {Figure 1) 


An = T/R = 2.0V, VL = 5V, 


{Figure 1) 


VCi = An, VC = 5V, {Figure 2) 

CD = 0.8V, RC = 390n, CL = 30 pF 
RL1 = 91ft, RL2 = 200ft, VL = 5V 


CD = 0.8V, T/R = 2V, VL 


CD = 0.8V, T/R = 0.8V 


{Figure 1) 


{Figure 3) 



Bn = 2.0V, T/R = 0.8V, CL = 5 pF 

RL1 = 390ft, RL2 = NC, VL = 5V {Figure 4) 


Bn = 2.0V, T/R = 0.8V, CL = 30 pF 

RL1 = 390ft, RL2 = 1.6K, VL = Sy {Figure 4) 


Bn = 0.8V, T/R = 0.8V, VL = OV, 

RL1 = 390ft, RL2 = NC, CL = 5 pF{Figure4) 


Bn = 0.8V, T/R = 0.8V, VL = OV, 

RL1 = NC,RL2= 1.6K,CL = 30 pF {Figure 4) 


VCI = Bn, VC = 3.4V, RC = 39ft 
CD = 0.8V, VL = 5V, RL1 = 390ft, 

RL2 = NC, CL = 5 pF {Figure 2) 


VCI = Bn, VC = 3.4V, RC = 39ft, 

CD = 0.8V, VL = 5V, RL1 = 390ft, 

RL2 = 1 ,6K, CL = 30 pF {Figure 2) 


VCI = Bn, VC = OV, RC = 39ft 
CD = 0.8V, VL = OV, RL1 = 390ft, 

RL2 = NC, CL = 5 pF {Figure 2) 


VCI = Bn, VC = OV, RC = 39ft, 

CD = 0.8V, VL = OV. RL1 = NC 

RL2 = 1.6K, CL = 30 pF {Figure 2) 


{Figure 5) 








Typ 

Max 

Units 



12 

20 

ns 

12 

20 

ns 

12 

20 

ns 

15 

25 

ns 

20 

30 

ns 

25 

40 

ns 

9 

20 

ns 

9 

20 

ns 


15 

25 

ns 

15 

25 

ns 

15 

25 

ns 

10 

20 

ns 

5 

10 

ns 

8 

15 

ns 

20 

30 

ns 

30 

45 

ns 

5 

10 

ns 

10 

20 

ns 

12 


ns 
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Switching Waveforms 



Note: tf = tf s 5 ns from 10% to 90% 


FIGURE 1. Driver Propagation Delays 


TL/F/8539-2 



TL/F/8539-3 




Switching Waveforms (Continued) 



Note: tp) = tp ^ 10 ns from 10% to 90% 

FIGURE 3. Receiver Propagation Delays 


TL/F/8539-4 



TL/F/8539-5 


Note: tr = tf ^ 5 ns from 10% to 90% 


FIGURE 4. Propagation Delay From CD Pin to An 





Switching Waveforms (Continued) 




Note: tr = tf = 2 ns from 10% to 90% 

FIGURE 5. Receiver Noise Immunity: No Response at Output Input Waveform. 


TL/F/8539-6 
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DS3890/DS3892/DS3898 


Nahonal preliminary 

Semiconductor 

DS3890 Octal Trapezoidal Driver 
DS3892 BTL Octal TRI-STATE® Receiver 
DS3898 BTL Octal Trapezoidal Repeater 

General Description 

The DS3890, DS3892 and DS3898 are advanced IEEE-896 
Future Bus compatible devices designed specifically to 
overcome problems associated with driving densely popu- 
lated backplanes. These products provide significant im- 
provement in both speed and data integrity in comparison to 
conventional bus drivers and receivers. Their low output ca- 
pacitance, low voltage swing and noise immunity features 
make them ideal for driving low impedance busses with min- 
imum power dissipation. 

The DS3890 and DS3898 feature open collector outputs 
that generate precise trapezoidal waveforms with typical 
rise and fall times of 6 ns which are relatively independent 
of capacitive loading conditions. These controlled output 
characteristics significantly reduce noise coupling to adja- 
cent lines. 

To minimize bus loading, the DS3890 and DS3898 also fea- 
ture a schottky diode in series with the open collector out- 
puts that isolates the driver output capacitance in the dis- 
abled state. With this type of configuration the output low 


voltage is typically “IV”. The output high level Is intended to 

be 2 volts. This is achieved by terminating the bus with a pull 

up resistor. Both devices can drive an equivalent DC load of 

18.5ft (or greater) in the defined configuration. 

(General Description to be continued) 

Features 

■ Meets IEEE 896 Future Bus Specification 

■ Driver output capacitance less than 5 pF 

■ 1 volt bus signal reduces power consumption 

■ Trapezoidal driver waveforms (V, tf, typically 6 ns) re- 
duces noise coupling to adjacent lines 

■ Precise receiver threshold track the bus logic high level 
to maximize noise immunity in both logic high ahd low 
states 

■ Open collector driver output allows wire-or connection 

■ Advanced low power schottky technology 

■ Glitch free power up/down protection 

■ TTL compatible driver and control inputs and receiver 
output 



Logic and Connection Diagrams 

DS3890 Octal Future Bus Drivers DS3892 Octal Future Bus Receivers DS3898 Octai Future Bus Repeaters 



See NS Package Number J20A or N20A 
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Absolute Maximum Ratings (Note i) Recommended Operating 

If Military/ Aerospace specified devices are required, ConditionS 

contact the National Semiconductor Saies Office/ 

Distributors for avaiiabiiity and specifications. ^ ® 

C I K, u Supply Voltage 4.75 5.25 V 

Supply Voltage 6V y a 

Control Input Voltage 5.5V Temperature (Ta) 0 70 C 

Driver Input and Receiver Output 5.5V 

Receiver Input and Driver Output 2.5V 

Storage Temperature Range -65°C to + 165°C 

Lead Temperature (Soldering, 4 sec.) 260°C 

DS3890 Electrical Characteristics (Notes 2 and s) 

DRIVER AND CONTROL INPUTS 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

V|H 


2.0 



V 

V|L 




0.8 

V 

liiAn 

Vcc=Max V|n = 0.4V 


-1 

-1.6 

mA 

I|L Dis 

Vcc=Max V|n = 0.4V 


-180 

-400 

fxA 

l|H 

Vcc=Max V|n = 2.4V 



40 

/xA 

ll 

Vcc=Max V|N = 5.25V 



1 

mA 

VCL 

Vcc=Min l|N=-12mA 


-0.9 

-1.5 

V 

DRIVER OUTPUT 

VoL 

Vcc=Min RL = 18.5n 

0.75 

1.0 

1.2 

V 

Iqh 

Vcc = Max Vout = 2V 

-20 

10 

100 

jxA 

Iq 

Vcc = 0V Vout = 2V 



100 

fiA 

l|L 

VcC“Max VouT~ 0.75V 


-100 

-250 

fiA 

Ice Low 

Vcc = Max 


50 

80 

mA 

Ice High 



TBD 

mA 

DS3892 Electrical Characteristics (Notes 2 and 3) 

CONTROL INPUTS 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

V|H 


2.0 



V 

V|L 




0.8 

V 

l|L 

Vcc = Max V|n = 0.4V 


-180 

-400 

fxA 

l|H 

Vec^Max V|n = 2.4V 



40 

JU.A 

l| 

Vcc=Max V|N = 5.25V 



1 

mA 

VCL 

Vcc = Min l|N=-12mA 


-0.9 

-1.5 

V 

RECEIVER 

Vql 

Vcc~Min loL~16mA 


0.35 

0.5 

V 

Vqh 

Vcc~Mio loH~~400fiA 

2.4 

3.2 


V 

Iqs 

Vcc=Max VouT = 0V 

-40 

-70 

-100 

mA 

Vth Rec 

Vcc = 5V 

1.5 

1.55 

1.6 

V 

liH Rec 

Vcc=Max V|n = 2V 


10 

100 

]u,A 

li Rec 

< 

0 

0 

II 

0 

< 

< 

2 

II 

to 

< 



100 

|u,A 

I|L Rec 

Vcc = Max V|N = 0.75V 



TBD 

/xA 

Ice Low 

Vcc = Max 



80 

mA 

Ice High 



TBD 

mA 
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DS3890/DS3892/DS3898 























































DS3898 Electrical Characteristics (Notes 2 and 3) 


CONTROL INPUTS 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

VlH 


2.0 



V 

V|L 




0.8 

V 

l|L 

V0c=Max V|n = 0.4V 


-180 

-400 

jaA 

l|H 

Vcc~Max Vim = 2.4V 



40 

fiA 

l| 

Vcc = Max V|N = 5.25V 



1 

mA 

VCL 

Vcc“Min l|N=— 12 mA 


-0.9 

-1.5 

V 

RECEIVER INPUT 

Vth Rec 

> 

in 

II 

0 

0 

> 

1.5 

1.55 

1.6 

V 

1|H Rec 

Vcc=Max V|n = 2V 


10 

100 

fiA 

l| Rec 

> 

CM 

II 

Z 

> 

> 

0 

II 

0 

0 

> 



100 

ftA 

I|L Rec 

Vcc=Max V|N = 0.75V 



TBD 

fiA 

DRIVER OUTPUT 

VoL 

Vcc = Min RL=18.5n 

0.75 

1.0 

1.2 

V 

lOH 

Vcc = Max Vout = 2V 

-20 

10 

100 

fiA 

lo 

Vcc = 0V VouT = 2V 



100 

fiA 

l|L 

Vcc~M3X Vout~ 0.75V 


-100 

-250 

mA 

Ice Low 

Vcc=Max 


90 

135 

mA 

Ice High 



TBD 

mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The Table of "Electrical Characteristics” provides conditions for actual device operation. 

Note 2: All currents into device pins are shown as positive values; all currents out of the device are shown as negative; all voltages are referenced to ground unless 
otherwise specified. All values shown as max or min are classified on absolute value basis and apply to the full operating temperature and Vec range. 

Note 3: All typical values are Vcc = 5V, Ta= 25°C. 

DS3890 Switching Characteristics (Figure d 

(O'C^Ta^TO'C, 4.75V^Vcc^ 5.25V unless otherwise specified) 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

TdLH 



9 

15 

ns 

TdHL 



9 

15 

ns 

TdLH 



10 

18 

ns 

TdHL 



12 

20 

ns 

Tr&T, 

Bn rise and fall time 

3 

6 

10 

ns 

DS3892 Switching Characteristics (Figures 2 . 3 an6 4) 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

TdLH 




12 

18 

ns 

TpHL 



10 

18 

ns 

TdLZ 




10 

18 

ns 

TdZL 



8 

15 

ns 

TdHZ 



4 

8 

ns 

TdZH 



7 

12 

ns 

TNR 

Receiver noise rejection 

3 

6 


ns 


















































































































































DS3898 Switching Characteristics (Figures 4 and 5) 


Symbol 

Conditions 

TdLH 

Rl tn ROn 

TdHL 

LJI UJ DWI 1 

TdLH 

niq ROn 

TdHL 


Tr&T, 

Bn rise and fall time 

TNR 

Receiver noise rejection 



General Descriptions (Continued) 

The DS8982 and DS3898 receiver inputs incorporate a low 
pass filter in conjunction with high speed comparator to fur- 
ther enhance the noise immunity. Both devices provide 
equal rejection to both positive and negative noise pulses 
(typically 6 ns) on the bus. 

The DS3890 features TTL compatible inputs while both the 
DS3892 and DS3898 inputs are BTL compatible. The con- 
trol inputs on all devices are TTL compatible. 

BTL “Backplane Transceiver Logic” is a new logic signaling 
method developed by IEEE P896 Future Bus Stan- 


dards Committee. This standard was adopted to enhance 
the performance of Backplane Busses. BTL compatible bus 
interface circuits feature low capacitance drivers to mini- 
mize bus loading, a IV nominal signal swing for reduced 
power consumption and receivers with precision thresholds 
for maximum noise immunity. This new standard overcomes 
some of the fundamental limitations of TTL bus transceivers 
in heavily loaded backplane bus applications. Devices de- 
signed to this standard provide significant improvements in 
switching speed and data integrity. 


AC Switching Waveforms 



TL/F/8700-4 


Note: tR=tp<10 ns from 10% to 90% 


VL = 2.0 VOLTS 



FIGURE 1 

Driver Propagation Delays 


TL/F/8700-5 
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DS3890/DS3892/DS3898 



































AC Switching Waveforms (Continued) 


Vi(Bn) 


Vo(An) 


V 

k i 

f 1.55V 

tDLH — 


r 


- — tDHL 

1.5V; 


0-5V 


TL/F/8700-6 


5V 



Note; tR = tp < 1 0 ns from 1 0% to 90% tl/F/8700-7 


FIGURE 2. Receiver Propagation Delays 



tpHZ 


tozH 




FIGURE 3. Propagation Delay from Disable Pin to An 




AC Switching Waveforms (Continued) 


Note: tp = 


Note: tp = 


1.85V 

1.1V 




\ 


\ 


Jf^. 


BUS LOGIC 
HIGH LEVEL 
1.25 V 


BUS LOGIC 
LOW LEVEL 


tNR 


tNR 


High 


Low 


TL/F/8700-10 


5V 



< 2 ns from 10% to 90% TL/F/8700-11 

FIGURE 4 

Receiver Noise Immunity: 

“No Response at Output” Input Waveforms 


DISABLE 


Vi(Bn) 


Vo(Bn) 



TL/F/8700-12 


Bl OR DISABLE OV 


L 


DS38S8 


VL = 2.0 VOLTS 


18il 


O Vo 

30 pF 

(INCLUDES JIG CAPACITANCE) 


F < 10 ns from 10% to 90% 


FIGURE 5 


Repeater Propagation Delays 


TL/F/8700-13 




DS3893A 


National 

Semiconductor 

DS3893A BTL™ TURBOTRANSCEIVER^ 


PRELIMINARY 


General Description 


The TURBOTRANSCEIVER is designed for use in very high 
speed bus systems. The bus terminal characteristics of the 
TURBOTRANSCEIVER are referred to as “Backplane 
Transceiver Logic” (BTL). BTL is a new logic signaling stan- 
dard that has been developed to enhance the performance 
of backplane buses. BTL compatible transceivers feature 
low output capacitance drivers to minimize bus loading, a 
1V nominal signal swing for reduced power consumption 
and receivers with precision thresholds for maximum noise 
immunity. This new standard eliminates the settling time de- 
lays, that severely limit the TTL bus performance, to provide 
significantly higher bus transfer rates. 

The TURBOTRANSCEIVER is compatible with the require- 
ments of the proposed IEEE 896 Futurebus draft standard. 
It is similar to the DS3896/97 BTL TRAPEZOIDAL Trans- 
ceivers but the trapezoidal feature has been removed to 
improve the propagation delay. A stripline backplane is 
therefore required to reduce the crosstalk induced by the 
faster rise and fall times. This device can drive a 1 0fl load 
with a typicai propagation delay of 3.5 ns for the driver and 
5 ns for the receiver. 

When multiple devices are used to drive a parallel bus, the 
driver enables can be tied together and used as a common 
control line to get on and off the bus. The driver enable 
delay is designed to be the same as the driver propagation 
delay in order to provide maximum speed in this configura- 
tion. The low input current on the enable pin eases the drive 
required for the common control line. 


The bus driver is an open collector NPN with a Schottky 
diode in series to isolate the transistor output capacitance 
from the bus when the driver is in the inactive state. The 
active output low voltage is typically 1 V. The bus is intended 
to be operated with termination resistors (selected to match 
the bus impedance) to 2.1V at both ends. Each of the resis- 
tors can be as low as 20n. 

Features 

■ Fast single ended transceiver (typical driver enable and 
receiver propagation delays are 3.5 ns and 5 ns) 

■ Backplane Transceiver Logic (BTLtm) levels (IV logic 
swing) 

■ Less than 5 pF bus-port capacitance 

■ Drives densely loaded backplanes with equivalent load 
impedances down to 10ft 

■ Complies with IEEE 896 Futurebus standard 

■ 4 transceivers in 20 pin PCC package 

■ Specially designed for stripline backplanes 

■ Separate bus ground returns for each driver to minimize 
ground noise 

■ High impedance, MOS and TTL compatible inputs 

■ TRI-STATE® control for receiver outputs 

■ Built-in bandgap reference provides accurate receiver 
threshold 

■ Glitch free power up/down protection on all outputs 

■ Oxide isolated bipolar technology 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Saies Office/ 
Distributors for avaiiabiiity and specifications. 

Supply Voltage 6.5V 

Control Input Voltage 5.5V 

Driver Input and Receiver Output 5.5V 

Driver Output Receiver Input Clamp Current ± 1 5 mA 

Power Dissipation at 70°C 900 mW 


Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 4 sec.) 260°C 

Recommended Operating 
Conditions 

Min Max Units 

Supply Voltage, Vcc 4.5 5.5 V 

Bus Termination Voltage (Vj) 2.0 2.2 V 

Operating Free Air Temperature 0 70 °C 


Electrical Characteristics (Notes 2, 3 and 4 ) ta = oto + 7 o°c,vcc = 5 v ±10% 


Symbol 


DRIVER AND CONTROL INPUT: (DE, RE, Dn) 


Conditions 


V|H 

Input High Voltage 

V|L 

Input Low Voltage 

l| 

Input Leakage Current 

l|H 

Input High Current 

l|L 

Dn Input Low Current 


DE Input Low Current 


RE Input Low Current 

VCL 

Input Diode Clamp Voltage 

DRIVER OUTPUT/RECEIVER INPUT: (Bn) 

Vqlb 

Output Low Bus Voltage 

l|LB 

Output Bus Current (Power On) 

l|HB 

Output Bus Current (Power Off) 

Vqcb 

Driver Output Positive Clamp 

Vqhb 

Output High Bus Voltage 

Vth 

Receiver Input Threshold 

RECEIVER OUTPUT: (Rn) 

Vqh 

Voltage Output High 

Vql 

Voltage Output Low 

>02 

TRI-STATE Leakage 

>03 

Output Short Circuit Current 
(Note 5) 

icc 

Supply Current 



DE = RE = Dn = Vcc 


DE = RE = Dn = 2.5V 


Dn = 0.5V, DE = Vcc = Max 


DE = 0.5V, Dn = Vcc = Max 


RE = 0.5V, Vcc = Max 


Dn = DE = V|H (Figure 2) 
Rt = 10n,Vj = 2.2V 


Dn = DE = V|H (Figure 2) 
Rt = 18.5ft, Vt = 2.14 


Dn = DE = 0.8V, Vcc ~ Max 
Bn = 0.75V 


Dn = DE = 0.8V, Vcc = OV 
Bn = 1.2V 


Vcc = Max or OV, Bn = 1 mA 


Vcc = Max or OV, Bn = 1 0 mA 


Vcc = Max, Dn = 0.8V (Figure 2) 
Vt = 2.0V. Rt = 10ft 


Bn = 1.2V, loh = -3 mA. RE = 0.8V 


Bn = 2V, loi = 6 mA, RE = 0.8V 


Vo = 2.5V, RE = 2V 


1.2V, Vo = OV 
RE = 0.8V, Vcc = Max 


Dn = DE = RE = Vm, Vcc “ Max 


Note 1 : “Absolute maximum ratings” are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should be 
operated at these limits. The table of “Electrical Characteristics" provide conditions for actual device operation. 

Note 2: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless otherwise 
specified. 

Note 3: All typicals are given for Vcc == and Ta = 25°C. 

Note 4: Unused inputs should not be left floating. Tie unused inputs to either Vcc or GND thru a resistor. 

Note 5: Only one output at a time should be shorted. 
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Switching Characteristics ta = oto + 70 ‘’c,vcc == sv ±10% 


Symbol 

Parameter 

Conditions 

1 Min 

Typ 

Max 

Units 

DRIVER: {Figures 3 and 6) 

tPHL 

Driver Input to Output 

Vt = 2V Rt = 10ft, Cl = 30 pF, DE = 3V 

1 

3.5 

7 

ns 

tPLH 

Driver Input to Output 

Vj = 2V, Rt = 10ft, Cl = 30 pF, DE = 3V 

1 

3.5 

7 

ns 

l^9 

Output Rise time 

Vj = 2V, Rt = 10ft, Cl = 30 pF, DE = 3V 

1 

2 

5 

ns 


Output Fall Time 

Vt = 2V, Rt = 10ft, Cl = 30 pF, DE = 3V 

1 

2 

5 

ns 

'skew 

Skew Between Drivers 
in Same Package 

(Notel) 


1 


ns 


DRIVER ENABLE: {Figures 3 6) 


'PHL 

Enable Delay 

Vt = 2V, Rt = 10ft, Cl = 30 pF, Dn = 3V 

1 

3.5 

7 

ns 

tPLH 

Disable Delay 

Vt = 2V, Rt = 10ft, Cl = 30 pF, Dn = 3V 

1 

3.5 

7 

ns 


RECEIVER: {Figures 4 and 7) 


'PHL 

Receiver Input to Output 

Cl = 50 pF, RE = DE = 0.3V, S3 Closed 

2 

5 

8 

ns 

'PLH 

Receiver Input to Output 

Cl = 50 pF, RE = DE = 0.3V, S3 Open 

2 

5 

8 

ns 

'skew 

Skew Between Receivers 
in Same Package 

(Notel) 


1 


ns 


RECEIVER ENABLE: {Figures 5 zn6 8) 


'ZL 

Receiver Enable to 
Output Low 

Cl = 50 pF, Rl = 500. DE = 0.3V 
S2 Open Bn = 2V 

2 

6 

12 

ns 

'ZH 

Receiver Enable to 
Output High 

Cl = 50 pF. Rl = 500. DE = 0.3V 
SI Open Bn = IV 

2 

5 

12 

ns 

'lz 

Receiver Disable 
From Output Low 

Cl = 50 pF. Rl = 500. DE = 0.3V 
S2 Open Bn = 2V 

1 

5 

8 

ns 

'HZ 

Receiver Disable 
From Output High 

Cl = 50 pF. Rl = 500, DE = 0.3V 
SI open Bn = IV 

1 

a 

8 

ns 


Note 1: to and tp skew is an absolute value, defined as differences seen in propagation delays between each of the drivers or receivers in the same package of the 
same delay, Vcc, temperature and load conditions. 



TL/F/8698-12 TL/F/8698-2 

FIGURE 1. Equivalent Bus Output FIGURE 2. Driver Output Voltage 
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AC Test Circuits 



FIGURE 3 


TL/F/8698-3 



FIGURE 4 


TL/F/8698-4 



The Switches are Closed 


FIGURE 5 


TL/F/8698-5 



tp = tpl4ns FROM 10% TO 90% 

FIGURE 6. Driver Propagation Delay 


TL/F/8898-8 



tR = tp^4ns FROM 10% TO 90% 

TL/F/8698-7 

FIGURE 7. Receiver Propagation Delay 
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DS3893A 


Switching Time Waveforms (Continued) 


_ 3V 
VRE(t) 

.3V 



Note: tR = tp ^ 4 ns From 10% to 90% 


Typical Application 


Note: n = 1, 2, 3, 4 

FIGURE 8. Receiver Enable and Disable Times 



20 OHM LOADED BACKPLANE 




DS3893A ' ' DS3893A ' 'DS3893A • ' DS3893A ' ' DS3893A 


Application Information 

Due to the high current and very high speed capability of the 
TURBOTRANSCEIVER’S driver output stage, circuit board 
layout and bus grounding are critical factors that affect the 
system performance. 

Each of the TURBOTRANSCEIVER’s bus ground pins 
should be connected to the nearest backplane ground pin 
with the shortest possible path. The ground pins on the con- 
nector should be distributed evenly through its length. 
Although the bandgap reference receiver threshold pro- 
vides sufficient DC noise margin (Figure 9), ground noise 
and ringing on the data paths could easily exceed this mar- 
gin if the series inductance of the traces and connectors are 
not kept to a minimum. The bandgap ground pin should be 
returned to the connector through a separate trace that 
does not carry transient switching currents. The transceiv- 
ers should be mounted as close as possible to the connec- 
tor. It should be noted that even one inch of trace can add a 
significant amount of ringing to the bus signal. 





FIGURE 9. Noise Margin 
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National 

JU Semiconductor 

DS3896/DS3897 Futurebus Trapezoidal™ Transceivers 

General Description 

These advanced IEEE-896 Futurebus compatible transceiv- can drive an equivalent DC load of 18.5fl (or greater) 
ers are specifically designed to overcome problems associ- above configuration. 

ated with driving a densely populated backplane, and thus These signalling requirements, including a 1 volt 
provide significant improvement in both speed and data in- swing, low output capacitance and precise receiver tf 
tegrity. Their low output capacitance, low output signal olds are referred to as Bus Transceiver Logic (BTLtm 
swing and noise immunity features make them ideal for driv- 
ing low impedance buses with minimum power consump- FCStUTCS 

tion. „ , . 


The DS3896 is an octal high speed schottky bus transceiver 
with common control signals, whereas the DS3897 is a 
quad device with independent driver input and receiver out- 
put pins. The DS3897 has a separate driver disable for each 
driver and is, therefore, suitable for arbitration lines. On the 
other hand, the DS3896 provides high package density for 
data/address lines. 

The open collector drivers generate precise trapezoidal 
waveforms, which are relatively independent of capacitive 
loading conditions on the outputs. This significantly reduces 
noise coupling to adjacent lines. In addition, the receivers 
use a low pass filter in conjunction with a high speed com- 
parator, to further enhance the noise immunity and provide 
equal rejection to both negative and positive going noise 
pulses on the bus. 

To minimize bus loading, these devices also feature a 
schottky diode in series with the open collector output that 
isolates the driver output capacitance in the disabled state. 
The output low voltage Is typically “1V” and the output high 
level is intended to be 2V. This is achieved by terminating 
the bus with a pull up resistor to 2V at both ends. The device 


can drive an equivalent DC load of 18.5fl (or greater) in the 
above configuration. 

These signalling requirements, including a 1 volt signal 
swing, low output capacitance and precise receiver thresh- 
olds are referred to as Bus Transceiver Logic (BTLtm). 

Features 

■ 8 bit DS3896 transceiver provides high package density 

■ 4 bit DS3897 transceiver provides separate driver input 
and receiver output pins 

■ Meets IEEE 896 Futurebus specification 

■ BTL compatible 

■ Less than 5 pF output capacitance for minimal bus 
loading 

■ 1 Volt bus signal swing reduces power consumption 

■ Trapezoidal driver waveforms (tf, tf s 6 ns typical) re- 
duce noise coupling to adjacent lines 

■ Temperature insensitive receiver thresholds track the 
bus logic high level to maximize noise immunity in both 
high and low states 

■ Guaranteed A.C. specifications on noise immunity and 
propagation delay over the specified temperature and 
supply voltage range 

■ Open collector driver output allows wire-or connection 

■ Advanced low power schottky technology 

■ Glitch free power up/down protection on driver and re- 
ceiver outputs 

■ TTL compatible driver and control inputs and receiver 
outputs 


Logic and Connection Diagrams 


DS3896N, J 





(T/R) 

TRANSM IT/ 

RECEIVE 


DS3897N, J 


6f D| D 2 



B, Ei RE TE R. 


Order Number DS3896J, N, 
DS3897J, N or DS3897V 
See NS Package Number 
J20A, N20A or V20A 
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DS3896/DS3897 



DS3896/DS3897 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 6V 

Control Input Voltage 5.5V 

Driver Input and Receiver Output 5.5V 

Receiver Input and Driver Output 2.5V 

Power Dissipation at 70°C N Package 1 480 mW 

J Package 1250 mW 

Storage Temperature Range -65°C to + 1 50°C 

Lead Temperature (Soldering, 4 sec.) 260°C 


Recommended Operating 
Conditions 

Min 

Supply Voltage, Vcc 4.75 

Bust ermination Voltage 1 .90 

Operating Free Air Temperature 0 


Electrical Characteristics: (Note 2 and 3) (0°C ^ Ta ^ 70°C, 4.7SV ^ Vcc ^ 5.25V unless otherwise specified) 


Symbol 


Driver and Control Inputs: (An, Dn, En, CD, T/R, RE, TE) 


Logical “1” Input Voltage 


Logical “0” Input Voltage 


Logical “1” Input Current 


Logical “1” Input Current 


Logical “0” Input Current 


Logical “0" Input Current 


Input Diode Clamp Voltage 


Driver Output/Receiver Input: (Bn) 


Conditions 




An = Dn = En = Vcc 


An = Dn = En = 2.4V 


An = Dn = En = 0.4V 


CD = T/R = RE = TE = 0.4V 


Iclamp = -12 mA 


VOLB 

Low Level Bus Voltage 

An = Dn = En = T/R = 2V,VL = 2V 
RL = 18.5ft, CD = TE = 0.8V (Figure 1) 

l|HB 

Maximum Bus Current (Power On) 

An = Dn = En = 0.8V, Vcc = 5.25V 
Bn = 2V 

l|LB 

Maximum Bus Current (Power Off) 

> 

o 

II 

o 

o 

> 

> 

CO 

d 

II 

c 

LU 

II 

R > 

O (M 
II II 

c c 
< m 

Vth 

Receiver Input Threshold 

< 

o 

0 

II 

01 
< 



-1 

-1.6 

-180 

-400 

-0.9 

-1.5 


Receiver Output: (An, Rn) 


VOH 

Logical “1” Output Voltage 

Bn = 1.2V, loH = -400 ju, A 
CD = T/R = RE = 0.8V 

VoL 

Logical “0” Output Voltage 

Bn = 2V, loL = 16 mA 
CD = T/R = RE = 0.8V 

Iqs 

Output Short Circuit Current 

Bn = 1.2V 

CD = T/R = RE = 0.8V 

icc 

Supply Current (DS3896) 

Vcc = 5.25V 

icc 

Supply Current (DS3897) 

Vcc = 5.25V 



3.2 


V 

0.35 

0.5 

V 

-70 

-100 

mA 

90 

135 

mA 

50 

80 

mA 


Note 1. "Absolute maximum ratings” are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should be 
operated at these limits. The tabie of “Eiectrical Characteristic" provide conditions for actual device operation. 

Note 2. All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless otherwise 
specified. 

Note 3. All typicals are given for Vcc = 5V and Ta = 25”C. 
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DS3896 Switching Characteristics 

(0°C ^ T/v ^ 70°C, 4.75V ^ Vcc ^ 5.25V unless otherwise specified) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Driver: 

tOLH 

An to Bn 

CD = 0.8V, T/R = 2.0V, VL = 2V 

(Figure 2) 

5 

9 

15 

ns 

tDHL 

5 

9 

15 

ns 

tOLHC 

CD to Bn 

An = T/R = 2.0V, VL = 2V 

(Figure 2) 

5 

10 

18 

ns 

*DHLC 

5 

12 

20 

ns 

*DLHT 

T/R to Bn 

VCI = An, VC = 5V, (Figure 5) 

CD = 0.8V, RC = 390n, CL = 30 pF 
RL1 = lan, RL2 = NC, VL = 2V 

5 

15 

25 

ns 

tOHLT 

5 

22 

35 

ns 

tp 

Driver Output Rise Time 

CD = 0.8V, T/R = 2V, VL = 2V 

(Figure 2) 

3 

6 

10 

ns 

tp 

Driver Output Fall Time 

3 

6 

10 

ns 

Receiver: 

tpLH 

Bn to An 

CD = 0.8V, T/R = 0.8V 

(Figure 3) 

5 

12 

18 

ns 

tpHL 

5 

10 

18 

ns 

tpLZC 

CD to An 

Bn = 2.0V, T/R = 0.8V, CL = 5 pF 

RL1 = 390n, RL2 = NC, VL = 5V (Figure 4) 

5 

10 

18 

ns 

*RZLC 

Bn = 2.0V, T/R = 0.8V, CL = 30 pF 

RL1 = 390fl,RL2 = 1.6k, VL = 5V (Figure 4) 

5 

8 

15 

ns 

tpHZC 

Bn = 0.8V, T/R = 0.8V, VL = OV, 

RL1 = 390n, RL2 = NC, CL = 5 pF (Figure 4) 

2 

■ 

8 

ns 

tRZHC 

Bn = 0.8V, T/R = 0.8V, VL = OV, 

RL1 = NC, RL2 = 1.6k, CL = 30 pF (Figure 4) 

3 

■ 

12 

ns 

tRLZT 

T/R to An 

VCI = Bn, VC = 2V, RC = 18H, 

CD = 0.8V, VL = 5V, RL1 = 390n, 

RL2 = NC, CL = 5 pF (Figure 5) 

8 

14 

20 

ns 

tRZLT 

VCI = Bn, VC = 2V, RC = 18H, 

CD = 0.8V, VL = 5V, RL1 = 390n, 

RL2 = 1 .6k, CL = 30 pF (Figure 5) 

14 

24 

40 

ns 

tRHZT 

VCI = Bn, VC = OV, RC = 18fi, 

CD = 0.8V, VL = OV, RL1 = 390n, 

RL2 = NC, CL = 5 pF (Figure 5) 

2 

■ 

8 

ns 

tRZHT 

VCI = Bn, VC = OV, RC = 180, 

CD = 0.8V, VL = OV, RL1 = NC 

RL2 = 1 .6k, CL = 30 pF (Figure 5) 

2 

8 

15 

ns 

♦nr 

Receiver Noise 
Rejection Pulse Width 

(Figure 6) 

3 

6 


ns 

Note: NC means open 

DS3897 Switching Characteristics 

(0°C ^ Ta 70°C, 4.75V ^ Vcc ^ 5.25V unless otherwise specified) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Driver: 

♦dlh 

Dn, En to Bn 

TE = 0.8V, RE = 2.0V, VL = 2V 

(Figure 2) 

5 

9 

15 

ns 

♦dhl 


5 

9 

15 

ns 

♦dlht 

TE to Bn 

An = RE = 2.0V, VL = 2V, (Figure 2) 

RL1 = 180, RL2 = NC, VL = 2V (Figure 5) 

5 

10 

18 

ns 

♦dhlt 


5 

12 

20 

ns 

♦r 

Driver Output Rise Time 

CD = 0.8V, T/R = 2V, VL = 2V 

3 

6 

10 

ns 

tF 

Driver Output Fall Time 

(Figure 2) 

3 

6 

10 

ns 
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DS3897 Switching Characteristics (Continued) 

(0°C ^ Ta ^ 70°C, 4.75V ^ Vcc ^ 5.25V unless othenwise specified) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Receiver: 

tRLH 

Bn to Rn 

TE = 2.0V, RE = 0.8V (Figure 3) 

5 

10 

18 

ns 

tRHL 

5 

12 

18 

ns 

tRLZR 

RE to Rn 

Bn = TE = 2V, VL = 5V, CL = 5 pF 

RL1 = 3900, RL2 = NC (Figure 4) 

5 

10 

18 

ns 

tRZLR 

Bn = TE = 2V, VL = 5V, CL = 30 pF 
RL1 = 3900, RL2 = 1.6k (Figure 4) 

5 

8 

15 

ns 

tRHZR 

Bn = 0.8V, TE = 2V, VL = OV, 

RL1 = 3900, RL2 = NC, CL = 5 pF(Figure 4) 

2 

H 

8 

ns 

tRZHR 

Bn = 0.8V, TE = 2V, VL = OV, 

RL1 = NC, RL2 = 1.6k, CL = 30 pF(Figure4) 

3 

H 

12 

ns 

*NR 

Receiver Noise 
Rejection Pulse Width 

(Figure 6) 

3 

6 


ns 

Driver plus Receiver: 

bRLH 

Dn to Rn 

TE = RE = 0.8V (Figure 7) 

10 

20 

30 

ns 

tORHL 

10 

20 

30 

ns 


Note: NC means open 



TL/F/8510-3 

FIGURE 1. Driver Output Low Voltage Test 
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TL/F/8510-5 

Note: tp) = tp i 10 ns from 10% to 90% 

FIGURE 3. Receiver Propagation Delays 




Note: t, = tf ^ 5 ns from 10% to 90% 


TL/F/8510-6 


FIGURE 4. Propagation Delay from CD pin to An 



DS3896/DS3897 


Note: tr 


Note: V 



TL/F/8510-7 

t( ^ 5 ns from 10% to 90% 

FIGURE 5. Propagation Delay from T/R pin to An or Bn 



tf = 2 ns from 10% to 90% 


FIGURE 6. Receiver Noise Immunity: “No Response at Output” Input Waveforms 
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Vi(Dn) I-SV/^L 

OV j— / 

'drlh h 


2V OVI 


isa< e 39on 

‘ DS3896 f 

' ' OR ; , — I f — O Vo 

DS3897 ^ I 

30 pF = = 1 .6 zj: 30 pF (INCLUDES JIG CAPACITANCE) 


Note: tr = tf ^ 5 JUS from 10% to 90% 


Typical Application 


FIGURE 7. Driver Pius Receiver Delays 
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AN-458 


The Proposed IEEE 896 
Futurebus — A Solution to 
the Bus Driving Probiem 


The IEEE 896 Futurebus is a proposed general-purpose bus 
standard for high-performance microcomputer systems. 
With a strong emphasis on speed and reliability, P896 offers 
a number of innovative features that are not found in other 
backplane buses. 

A major contribution to its performance comes from its elec- 
trical specifications. The Futurebus solves, for the first time, 
the fundamental problems associated with driving a densely 
populated backplane — as a result, it provides significant im- 
provements in both speed and data integrity. Two years of 
effort by the P896 committee have culminated in a deeper 
understanding of the physics of the backplane bus, leading 
to an ingenious solution to the bus problem. 

Speed is probably the most important feature of any bus 
standard. This is especially true for the Futurebus, since its 
totally asynchronous protocol permits continuous speed en- 
hancements through advances in technology. In fact, the 
maximum data transfer rate between any two plug-in cards 
is determined simply by the sum of the response times of 
the two cards and the bus delay. Ultimately, as logic devices 
get faster, bus delay will be the dominating factor limiting 
bus speed. 

There are two components to the bus delay in a typical 
system, namely, the settling time and the propagation delay. 
The settling time is the time needed for reflections and 
crosstalk to subside before data are sampled; it is usually 
several times longer than the backplane propagation delay. 
As will be shown later, the settling time is the price the user 
pays for not driving the bus properly. 

By using a special transceiver, the Futurebus not only elimi- 
nates the settling time delay but also reduces the propaga- 
tion delay of the loaded backplane to provide maximum 
possible bus throughput. 

THE PHYSICS OF THE BACKPLANE BUS 

For high-speed signals the bus acts like a transmission line 
with an associated characteristic impedance and propaga- 
tion delay whose unloaded values, Zq and tpo, are given by 
Zo = >/l7c 
tpo = / ViTc 

/ = length of the bus, L = distributed inductance per unit 
length, and C = distributed capacitance per unit length.(i) 
These values can be calculated for a typical microstrip 
backplane (Figure 1) by means of the following equations: 
Zo = (87/Vcr + 1-41 ) 

• In [5.98h/(0.8w -H t)]n 
tpo= 1.017V0.475 €r + 0.67 ns/ft 
where = relative dielectric constant of the board material 
(typically Cr = 4.7 for fiberglass and w,h,t = the dimensions 
indicated in Figure 1. For a typical P896 backplane, t = 
1.4 mils, w = 25 mils, h = Vie inch, and = 4.7. By 
substituting these values we get Zo = 100ft and tpo = 
1.7 ns/ft. 


Printed previously IEEE. 


National Semiconductor 
Application Note 458 
R. V. Balakrishnan 


These values correspond to an unloaded backplane. When 
the backplane is uniformly loaded with the capacitance of 
plug-in cards and connectors at frequent intervals, the load- 
ed values of the impedance, Z\_, and the propagation delay, 
tpL, are given by 



where Cl = the distributed load capacitance per unit 
length.(i) 

The distributed capacitance, C of the unloaded backplane 
can be measured in the lab. For our microstrip, it is 20 pF/ft. 
This does not include, however, the capacitance of the con- 
nectors mounted on the backplane and the associated plat- 
ed-through holes, which can amount to 5 pF per card slot. 



TL/F/8842-1 

FIGURE 1. Cross Section of a Microstrip Bus Line 

The loading capacitance of the plug-in card, however, is 
dominated by the loading capacitance of the transceiver, 
which can be 12-20 pF for TTL devices. Allowing another 
3-5 pF for printed-circuit traces and the connector, the total 
loading per card slot can add up to 30 pF. For a system 
such as P896, which has 1 5 slots per foot. Cl = 450 pF/ft. 
Therefore, 



As can be seen above, the capacitive loading drastically 
alters both the impedance and the propagation delay of the 
bus. This reduces the bus throughput in two ways. One obvi- 
ous impact is the increased propagation delay. But the not 
so obvious and even more serious problem is the reduced 
bus impedance, which is much harder to drive. 

For example, to drive the loaded bus properly with a TTL 
driver which has a 3V nominal swing, the required drive cur- 
rent, Iq. must be 

Id = 3V/(Zl/2) 

The impedance seen by the driver is half of Zl, since from a 
given board two transmission lines are being driven, one 
towards each terminator (Figure 2). Therefore, 

Id = 3/(20/2) = 300 mA 
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TL/F/8842-2 

FIGURE 2. The Loaded Bus — Each Driver Sees Two Loaded Line Impedances in Parallel (ZlI|Zl = Zl/ 2 )< 


This is much higher than the standard TTL’s drive capability 
of 50 to 1 00 mA. Figure 3 shows the effect of using a 50 mA 
driver, in this situation, on the bus waveform. The voltage 
swing on the bus has its first transition at 0.5V, the product 
of the drive current and Z\_/2. This value falls well below the 
upper threshold limit of the TTL receiver. Therefore, several 
round-trip delays to the nearest termination are required for 
the waveform to cross the receiver threshold region. In our 
example, one round-trip delay is 2tp|_ = 16.5 ns/ft. There- 
fore the settling times can exceed 100 ns even for relatively 
short buses. This long settling time drastically affects bus 
throughput at high speeds. Even worse, the voltage steps in 
the threshold region can cause multiple triggering in the 
cases of the clock and strobe signals. 

One way to solve these problems is to use 100 mA drivers 
with precision receivers that have a narrow threshold region 
such that the first transition crosses well over the threshold. 
This technique is widely used for clock lines to avoid multi- 
ple triggering. Its use on data/address lines is limited be- 
cause of the significantly higher power requirement arising 
from the large number of lines involved (32 address/data 
lines). 

Even if power is not a limitation, switching to higher current 
drivers provides only a marginal improvement. The reason 
for this is quite simple. A higher current driver unfortunately 
has a higher output capacitance, which reduces the bus im- 
pedance further. This in turn requires an even higher current 
drive for proper operation. 

The Futurebus Transceiver 

A more elegant solution — one that is now a part of the P896 
proposal — directly attacks the root of the problem, namely, 
the large output capacitance of the transceiver. By simply 
adding a Schottky diode in series with an open-collector 
driver output, the capacitance of the drive transistor is iso- 
lated by the small reverse-biased capacitance of the diode 
in the non-transmitting state (Figure 4). The Schottky diode 
capacitance is typically less than 2 pF and is relatively inde- 
pendent of the drive current. Allowing for a receiver input 
capacitance of another 2 pF, the total loading of the Future- 


bus transceiver can be kept under 5 pF. The P896 draft 
specifies a maximum plug-in card capacitance of 10 pF to 
accommodate the 5 pF trace and connector capacitances. 
In addition to reducing the loading on the bus, the Futurebus 
transceiver features several other enhancements over a 
conventional TTL transceiver that drastically reduce power 
consumption and improve system reliability. 

A major portion of the power savings comes from a reduced 
voltage swing — IV — on the bus. Contrary to popular belief, 
the lower swing does not reduce crosstalk immunity (provid- 
ed the receiver threshold is tightly controlled). (2) The in- 
duced crosstalk from other lines on the bus scales down 
with the amplitude of the signal transistion causing it. Con- 
sequently, if a line receiver has a precision threshold, the 
noise margin, expressed as a percentage of signal ampli- 
tude, remains the same, as does the crosstalk immunity. 
However, the absolute noise margin, with reference to a 
noise source external to the bus, does shrink linearly with 
amplitude. Fortunately, the low impedance and the relatively 
short length of the bus make this externally generated noise 
component insignificant in high-speed backplanes. Never- 
theless, it is recommended that the backplane be shielded 
from strong noise sources external to the bus. 

Noise Immunity and EMI 

The Futurebus transceiver has a precision receiver thresh- 
old centered between the low and high bus levels of 1 and 
2V, respectively (Figure 5). Confined to a narrow region of 
±3 percent ±50 mV), the threshold voltage tracks the bus 
high level to provide a maximum-percentage noise margin 
with respect to the low and high signal levels of the bus. In 
addition, to reduce crosstalk, which is proportional to di/dt, 
the driver features a trapezoidal output waveform with a 
6 ns transition time. Moreover, the receiver incorporates a 
noise filter which selectively rejects crosstalk noise pulses 
of up to 8 ns in pulse width. These techniques, borrowed 
from the DS3662 trapezoidal bus transceiver from National 
Semiconductor, virtually eliminate crosstalk, thereby in- 
creasing system reliability by several orders of magnitude. 
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Detailed analyses of crosstalk problems in buses, and dis- 
cussions of how the trapezoidal tranceiver overcomes the 
problems, can be found in three articles by Balakrish- 
nan.(2-4) 

DRIVE CURRENT 

The backplane impedance in the P896 draft is specified as 
50fl minimum and 60n maximum with the connectors 
mounted. In our microstrip example, due to the connector 
and the plated-through holes, a 50fl minimum impedance 
translates into a maximum allowable capacitance of 4 pF 
per slot. This can be easily attained with some care in print- 
ed-circuit board design. A fully loaded Futurebus, therefore, 
has an impedance whose worst-case value is given by 
I 15« 10 

Zmin ~ 50/-, h -i ft 

V 20 + 4*15 

= 3on 

The drive current required for a IV swing is 
Id = 1/(30/2) 

However, with a precision receiver threshold it is possible 
for the driver to swing past the threshold with a comfortable 
margin even if the first step climbs to only 75 percent of the 
final amplitude under worst-case loading (see again Figure 



FIGURE 3. TTL Bus Waveforms — 50 mA Driver 
vs 300 mA Driver 



TL/F/8842-5 

FIGURE 5. P896 Signaling Levels and the 
Worst-Case Bus Waveform 

5). Therefore, the drive current can be reduced by 25 per- 
cent to save power, without affecting performance; 

At this current level, the power dissipated in the driver is low 
enough to allow eight to ten transceivers to be built into a 
single, narrow, dual-in-line plastic package. 

National Semiconductor has two Futurebus transceivers, 
the DS3896 and the DS3897, that are now available in sam- 
ple quantities. The DS3896 is an octal device with common 
control signals, whereas the DS3897 is a quad device with 
independent driver input and receiver output pins. The 
DS3897 has a separate driver disable for each driver and is, 
therefore, suitable for arbitration lines. On the other hand, 
the DS3896 provides high package density for data/ad- 
dress lines. 

Fabricated in an oxide-isolated bipolar process, these devic- 
es combine very high speed with large drive capability. The 
propagation delays are 8 ns typical for the driver and 10 ns 
typical for the receiver. 



FIGURE 4. The Futurebus Trapezoidal Transceiver 
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FIGURE 6. The Futurebus Termination Circuit 


OTHER HIGHLIGHTS 


Bus Propagation Delay 

There is an additional benefit resulting from reducing the 
capacitive loading on the bus. This benefit arises from the 
reduced propagation delay, which further improves the bus 
speed. 

Recalculating the loaded propagation delay for the Future- 
bus transceiver yields 

tpL = tpoVl + (Cl/C) 

= 5.765 ns/ft 

This is a 30-percent improvement over the TTL example. It 
should be noted that this is the worst-case delay per foot 
and that the asynchronous nature of the Futurebus protocol 
will take full advantage of lower propagation delays in a 
typical system, either due to lower loading levels or due to 
the closer spacing of two plug-in boards that are in commu- 
nication. 

Termination 

The drive current and the signal swing determine the termi- 
nation resistors. If the drive current is derived properly, the 
termination will match the bus impedance under the given 
loading. For P896, the value of each of the two termination 
resistors, Rj, is 

F>t = 2 = 40n 

\50 mA/ 

This value is greater than the loaded impedance of the Fu- 
turebus, because the drive current is only 75 percent of that 
required for a full swing on the first transition. However, in a 
practical bus the impedance varies with various load condi- 
tions, and therefore the above termination value is a good 
compromise between the worst-case values of the bus im- 
pedances of 30 and 50fl. 

The P896 draft requires that the bus be terminated at both 
ends, with a single resistor of 39fl connected to an active 
voltage source of 2V (Figure 6). This arrangement has a 
significantly lower power dissipation than a “Thevenin- 
equivalent” two-resistor termination connected to ground 


and the 5V rail. The 2V source is derived from the 5V supply 
using a potential divider followed by a buffer; the source can 
be shared among all the bus lines as long as it is properly 
bypassed for alternating current close to each resistor. The 
termination voltage is deliberately made to follow the 5V 
supply variation in order to keep the receiver threshold at 
the center of the bus swing with supply variations. 

Wire-OR Glitch 

One of the advantages of an open-collector bus is a wire- 
OR capability. This feature is fully exploited in the P896 bus, 
particularly in its sophisticated arbitration protocol and 
broadcast mechanism. Unfortunately, due to the fundamen- 
tal nature of transmission lines, wire-ORing on the bus can 
cause erroenous glitches having pulse widths of up to the 
round-trip delay of the bus. The analysis of the wire-OR 
glitch is covered well by Theus and Gustavson.(S) 

To overcome the wire-OR glitch, the broadcast acknowl- 
edge lines (Al* and Dl*) and the three arbitration control 
lines are required to have integrators at the output of the 
receiver capable of rejecting pulses having widths of up to 
the maximum round-trip delay of the bus. 


Geographic addressing and live insertion and withdrawal ca- 
pability are some of the other highlights of the Futurebus. 
The reader is encouraged to read the draft proposal,(6) and 
the article by Theus and Borrill in this issue, for more details. 
The electrical specification of P896 is based on a thorough 
knowledge of backplane operation. A combination of theo- 
retical analysis and bench measurements has been used to 
create an electrically clean bus environment. Significant im- 
provements have been made in favor of higher perform- 
ance — at the expense of only a slight increase in today’s 
cost and complexity — to assure a long design lifetime for 
the standard. The result is a proposed standard that has the 
performance, in terms of both speed and reliability, to justify 
the name, “Futurebus”. 
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ABSTRACT 

This paper presents detailed examples of bus timing calcu- 
lations for both synchronous and asynchronous busses, 
showing that bus throughput can be maximized by taking 
into account the characteristics and limitations of the trans- 
ceiver technology being used. Based on these examples, a 
performance analysis of the currently available high speed 
bus interface technologies is made in terms of their maxi- 
mum attainable transfer rate on both types of backplane 
busses. The results show that the use of a faster transceiv- 
er, as judged by its data sheet, doesn’t necessarily result in 
a faster bus. 

INTRODUCTION 

In order to derive the highest possible throughput from a 
backplane bus, a careful analysis and optimization of timing 
parameters is essential. The maximum speed attainable at 
the physical level of the bus is a function of the transceiver 
technology, the electrical length of the bus, and the type of 
protocol, synchronous or asynchronous, being used. A clear 
understanding of the bus timing constraints lets the design- 
er take best advantage of a given technology, such as TTL, 
ECL, or BTL (Backplane Transceiver Logic). Contrary to in- 
tuitive thinking, a faster transceiver will not always result in a 
faster bus. It can be shown through examples that greater 
bus transfer rates can be obtained by using specially de- 
signed bus transceivers, such as the BTL Trapezoidal, that 
at first glance may appear to be slower than the equivalent 
AS or FAST devices. These devices, in addition to improv- 
ing bus bandwidth, also reduce crosstalk, ground noise, and 
system power requirements. 

BUS PROPAGATION DELAY AND SETTLING TIME 

Traditionally, system designers have used standard TTL de- 
vices to drive the backplane bus. Unfortunately, although 
TTL appears to provide fast rise and fall times, it cannot 
cleanly drive the capacitance of a loaded backplane or the 
resistance required for proper termination. BTL technology 
is a result of work that was done within the IEEE 896.1 
Futurebus committee specifically to solve the problems of 
driving a backplane with transmission-line characteristics. 
By using a smaller voltage swing, lower capacitance drivers, 
and receivers with precision thresholds, BTL transceivers 
overcome the “bus driving problem.” 

Simply stated, the problem is one of driving a low imped- 
ance transmission line (Figures 1 and 2). The capacitive 
loading of a bus due to TTL transceivers reduces its imped- 
ance from an unloaded value of 60-100tl to a fully loaded 
impedance of less than 20H. A properly matched termina- 
tion resistance would therefore require a current of over 
300 mA in order to cleanly drive a 3V nominal TTL swing! 
Since most TTL drivers cannot supply this current, they 
must depend on reflections to build up the bus voltage to a 
DC level. This results in a settling-time penalty of one or 
more bus round-trip propagation delays on every signal 
transition, or 35 ns on a typical 20" TTL bus. 


The low output capacitance of BTL transceivers allows the 
total capacitive loading of a card in a backplane to be kept 
under 1 0 pF. This doubles the impedance of a loaded bus to 
almost 30fl. BTL also specifies a reduced signal swing of 
IV, which allows a properly terminated bus to be driven 
cleanly at under 75 mA. Consequently, there are no reflec- 
tions, and the settling time is zero. A BTL driver can be 
guaranteed to cross the threshold of every receiver on the 
backplane with the incident edge of a signal wavefront. 

The propagation delay of a bus is also a strong function of 
the capacitive loading. In the TTL case, the capacitive load- 
ing increases the signal propagation delay by a factor of 3 to 
5 over an unloaded bus. In a 20" bus, BTL can reduce this 
delay from a value of 13 ns in the TTL case to less than 
9 ns, increasing the potential bus bandwidth significantly. 

SYNCHRONOUS BUS TIMING 

For our first example, let’s consider burst data transfers on 
a synchronous bus. In many backplane systems, burst 
transfers provide the highest performance, because the 
overhead associated with the address cycle can be spread 
out over a number of data cycles. Although other types of 
transactions may be more complex and require more time 
(clock cycles), it is likely that many systems will be opti- 
mized for burst transfers. 

In this example, we are making some simplifying assump- 
tions which ignore some of the penalties associated with a 
general-purpose synchronous bus. One of these is that the 
entire interface is synchronized to the bus clock. In general, 
each card in a backplane will be running off of its own inter- 
nal high-speed clock. This results in resynchronization me- 
tastability problems at both the master and slave interfaces, 
as well as a clock latency penalty of typically 50% of the 
clock period. We are also ignoring the return of status from 
the slave on each data transfer, by assuming all status can 
be generated before the data is clocked. This would not be 
true, for example, if parity had to be verified before the next 
data transfer could take place. 

Clock Skew 

In this example, the system clock is being distributed to 
each board through a clock line on the backplane. Since the 
clock line is being driven from a single point, the loaded 
capacitance on it is considerably less than on most other 
lines, and the settling time is typically zero, even in a TTL- 
based backplane. Due to the finite propagation delay across 
the bus, however, the clock edge still arrives at each board 
at different times, creating a relative edge inaccuracy com- 
monly referred to as clock skew. 

The worst-case skew can be cut in half by locating the clock 
source centrally on the backplane, rather than at one end. 
Additional clock skew will be introduced by the propagation 
delay differences in the receiver and logic gates that pro- 
cess the clock signal between boards. For a typical 20" 
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bus, with the clock driver located at the midpoint, total skew 
can easily exceed 10 ns; in our case, 5 ns for the bus, plus 
7 ns for the receiver and a transparent latch used to imple- 
ment bus wait states. 

Synchronous Data Transfer Timing 

In this example (Figure 3), the worst case data propagation 
delay from the master to the slave is simply the sum of the 
delays of the individual components of the data path. This 
path travels through the master’s edge-triggered flip-flop 
and bus driver, across the length of the bus, and then 
through the slave’s bus receiver and flip-flop, where the in- 
coming data is latched. However, because this is a synchro- 
nous system, the data can be "pipelined” to some extent 
within the intervening logic. This means that the minimum 
clock cycle possible under this configuration is the sum of 
the logic skews, plus the maximum bus propagation delay, 
the set-up and hold times of the receiver, and the clock 
skew (Figure 4). 

The advantage of a synchronous system is that the abso- 
lute timing requirements are set by the clock; the entire sys- 
tem can be optimized with this constraint in mind. This can 
become a disadvantage as technology advances beyond 
the point at which the synchronous bus was designed. A 
synchronous system must be continually redesigned for 
higher clock rates in order to take advantage of improve- 
ments in technology. Synchronous busses are therefore 
more suited to specific applications than to general-pur- 
pose, extended lifespan products. 


Synchronous Timing Calculations 

The first set of calculations assumes a TTL bus with AS 
transceivers and logic. As can be seen, the bus settling time 
overwhelms all the other skews and delays in the system. 
The upper limit of a discrete TTL synchronous bus imple- 
mentation is roughly 15 MT (megatransfers/second). No 
particular advantage is gained by using FAST devices be- 
cause, while the maximum propagation delays specified for 
that family are shorter than for AS, the maximum skews are 
generally greater. The effect of skew specifications is anoth- 
er subtlety of system performance analysis. 

Two types of BTL transceivers are currently available, the 
BTL Trapezoidal and the BTL Turbo. The Trapezoidal trans- 
ceivers have controlled rise and fall times on their drivers of 
6 ns (nominal) to reduce crosstalk interference and switch- 
ing noise within the backplane. In addition, the receivers 
incorporate crosstalk filters that practically eliminate far-end 
crosstalk problems on the bus. The Turbo transceivers elim- 
inate these Trapezoidal features, but are much faster as a 
result. Switching noise problems are overcome by the use 
of individual ground return lines for each driver. Stripline 
backplane construction and careful layout techniques are 
required to minimize crosstalk. 

Although the BTL Trapezoidal transceiver delays are much 
greater than those of the TTL devices, the absence of set- 
tling time results in a smaller overall clock cycle time. A 
maximum transfer rate of 1 8 MT becomes possible. When 
the Turbo devices are used, system throughput increases to 
24 MT in this discrete implementation. 
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Cl (TTL) = 25 pF/0.8* = 375 pF/ft. 

Cl(BTL) = 10pF/0.8'= 150pF/ft. 

Zq ~ 75CI Unloaded Bus Impedance 

Co = 20 pF/ft. Distributed Capacitance of Unloaded Bus 

To = 1.8 ns/ft. Unloaded Bus Propagation Delay 

Zl = Zo/Vl + (Cl/ C o) Loaded Bus Impedance 

Tl = L X To X Vi + (Cl/Co) Loaded Propagation Delay 

I Tl (TTL) = 13.3 ns I j TL (BTL) = 8.75 ns I 


Tl (TTL) = 13.3 ns | | TL (BTL) = 8.75 ns 

FIGURE 2. Effects of Capacitive Loading 



FIGURE 3. Synchronous Bus Logic for Burst Data Transfers 


TTL-AS 1 2 


4 5 6 66 ns 


BTL-Trap 1 2 3 4 5 6 54 ns 


1) Max ’374 Skew 

2) Max Bus Driver Skew 

3) Max Bus Delay 

4) Max Bus Receiver Skew 

5) Max ’374 Setup and Hold 

6) Max Clock Skew 

TOTAL (ns) 
MTransfers/second 


i__L. 

J42 ns 


TTL 

BTL 

BTL 

AS 

Trap 

Turbo 

5.0 

5.0 

5.0 

4.5 

10.0 

5.0 

35.0 

9.0 

9.0 

4.5 

13.0 

6.0 

5.0 

5.0 

5.0 

12.0 

12.0 

12.0 

66.0 

54.0 

42.0 

18.5 

18.5 

23.8 


FIGURE 4. Synchronous Burst Data Transfer Timing 
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FIGURE 5. Asynchronous Bus Logic for Burst Data Transfers 


DELAY 1 

TTL 

BTL 

BTL 

AS 

Trap 

Turbo 

1) MaxXOR Delay 

6.5 

6.5 

6.5 

2) Max '374 Delay 

9.0 

9.0 

9.0 

3) Max Data Driver Delay 

6.5 

15.0 

7.0 

4) <Min ’533 Delay > 

-4.0 

-4.0 

-4.0 

5) <Min Sync Driver Delay > 

-2.0 

-5.0 

-2.0 

TOTAL (ns) 

16.0 

21.5 

16.5 

DELAY 2 

TTL 

BTL 

BTL 

AS 

Trap 

Turbo 

1) MaxXOR Delay 

6.5 

6.5 

6.5 

2) Max ’374 Hold Time 

3.0 

3.0 

3.0 

3) Delay 3 

5.5 

14.0 

7.0 

4) <Min ’373 Delay > 

-3.5 

-3.5 

-3.5 

5) < Min Ack Driver Delay> 

-2.0 

-5.0 

-2.0 

5) <Min Data Receiver Delay> 

-2.0 

-5.0 

-2.0 

TOTAL (ns) 

7.5 

10.0 

9.0 

DELAY 3 

TTL 

BTL 

BTL 

AS 

Trap 

Turbo 

1) Max Data Receiver Delay 

6.5 

18.0 

8.0 

2) Max ’374 Setup Time 

2.0 

2.0 

2.0 

4) <Min Sync Receiver Delay > 

-2.0 

-5.0 

-2.0 

5) <Min XOR Delay > 

-1.0 

-1.0 

-1.0 

TOTAL (ns) 

5.5 

14.0 

7.0 
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FIGURE 6. Asynchronous Bus Logic Delay Calculations 
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BTL-Trap.| 


BTL - Turbo 


IBBDBDH 

8 9 

10 |88 ns 



TTL 

BTL 

BTL 


AS 

Trap 

Turbo 

1) Max Ack Receiver Delay 

6.5 

18.0 

8.0 

2) Max ’533 Delay 

7.5 

7.5 

7.5 

3) Delay 1 

16.0 

21.5 

16.5 

4) Max Sync Driver Delay 

6.5 

15.0 

7.0 

5) Max Bus Delay + Skew 

35.0 

10.0 

10.0 

6) Max Sync Receiver Delay 

6.5 

18.0 

8.0 

7) Max ’373 Delay 

6.0 

6.0 

6.0 

8) Delay 2 

7.5 

10.0 

9.0 

9) Max Ack Driver Delay 

6.5 

15.0 

7.0 

10) Max Bus Delay 

35.0 

9.0 

9.0 

TOTAL (ns) 

133.0 

130.0 

88.0 

MT ransfers/second 

7.5 

7.7 

11.4 


FIGURE 7. Asynchronous Burst Data Transfer Timing 
(Worst Case) 


The largest cycle time delay in the final BTL Turbo example 
is clock skew. Bus skews can be reduced by distributing the 
clock to each board independently, using a dedicated trace 
on the backplane such that all lines are of equal length. This 
makes the clock propagation delay from the driver to each 
board the same, and thus practically eliminates -the bus 
skew. In addition, better tolerances on driver, receiver, and 
logic propagation delays (smaller skews) will improve both 
the clock skew and the effect of transceiver delays on the 
cycle time. 

ASYNCHRONOUS BUS TIMING 

Our second example is also of a burst transfer, but this time 
using asynchronous bus timing. In this system, the master 
issues a strobe along with the data, and waits for an ac- 
knowledgement from the slave before removing the current 
data from the bus lines. All timing is controlled by the two 
participants in the data transfer. (Once again, we are as- 
suming that new status does not have to be generated on 
each data transfer.) 

The greatest advantage of an asynchronous bus protocol is 
its ability to adapt the speed of the bus to the speed of any 
two communicating boards. The most flexibility is achieved 
when no technology dependencies are introduced into the 
protocol. Unlike a synchronous system, where every board 
is designed with the same timing constraints in mind, a tech- 
nology-independent module is designed with no assump- 
tions about the timing of the rest of the system. Instead, 
each transmitting board simply guarantees that its data is 
valid on the bus at least zero nanoseconds before it issues 
its synchronization signal, and each receiving board is re- 
sponsible for ensuring that its data has been successfully 
latched before issuing an acknowledge. The protocol itself 
imposes no artificial set-up or hold time limitations. 


The result of this lack of timing constraints is that a board 
built today, using today’s technology, is guaranteed to work 
in a system designed perhaps twenty years from now. That 
system will be forced to slow down whenever necessary to 
accommodate the greater internal delays and skews of the 
older module. However, if two future modules are communi- 
cating, they will transfer data at the maximum rate allowed 
by the future technology. The new IEEE Futurebus standard 
implements this type of protocol. 

ASYNCHRONOUS DATA TRANSFER TIMING 

The requirement that boards generate their own data syn- 
chronization and acknowledge signals, and the likelihood of 
zero set-up and hold times on the bus, make the timing of 
the asynchronous system more complicated than the previ- 
ous example (Figure 5). Also, we are maximizing the per- 
formance of the sync/ack handshake by transferring data 
on each signal transition. This is known as a two-edge hand- 
shake. 

On the master side, the board must guarantee that its data 
is valid on the bus before issuing the synchronization signal. 
This means that a delay must be inserted in the sync signal 
path (Delay 1) which includes the maximum propagation de- 
lays through the XOR clock generation circuit, edge-trig- 
gered flip-flop, and data bus driver. This is excessive, how- 
ever, because the minimum delays through the sync latch 
and bus driver can be subtracted (Figure 6). 

On the slave side, delays are required to guarantee that 
both the set-up and hold time specifications of the data 
latch are met. The set-up time delay (Delay 3) ensures that 
the sync signal, which may have minimum propagation de- 
lays through the sync bus receiver and XOR clock genera- 
tor, arrives at the edge-triggered data flip-flop a set-up time 
after the data, which may have a maximum delay through 


2-85 


AN-514 









TTL 

BTL 

BTL 


AS 

Trap 

Turbo 

1) Min Ack Receiver Delay 

2.0 

5.0 

2.0 

2) Min ’533 Delay 

4.0 

4.0 

4.0 

3) Delay 1 

16.0 

21.5 

16.5 

4) Min Sync Driver Delay 

2.0 

5.0 

2.0 

5) Min Bus Delay -I- Skew 

35.0 

1.0 

1.0 

6) Min Sync Receiver Delay 

2.0 

5.0 

2.0 

7) Min ’373 Delay 

3.5 

3.5 

3.5 

8) Delay 2 

7.5 

10.0 

9.0 

9) Min Ack Driver Delay 

2.0 

5.0 

2.0 

10) Min Bus Delay 

35.0 

0.0 

0.0 

TOTAL (ns) 

109.0 

60.0 

42.0 

MT ransfers/second 

9.2 

16.7 

23.8 


FIGURE 8. Asynchronous Burst Data Transfer Timing 
(Best Case) 


the data bus receiver. The hold time delay (Delay 2) ensures 
that the data remains at the data flip-flop a hold time after 
the sync signal, which this time may have a maximum prop- 
agation delay through the XOR and the set-up time delay 
element just introduced. Since the removal of data is con- 
trolled by the ack signal, the hold time delay can be reduced 
by the minimum delays through the ack latch and bus driver, 
and the minimum propagation delay of the data bus receiv- 
er. 

This is all very confusing at first, but these delay elements 
now in place in our circuit guarantee the receiver set-up and 
hold time requirements while maintaining the technology in- 
dependence of the bus protocol. Now we can calculate the 
burst data transfer rate on this asynchronous bus. 

The critical path is now the sync/ack handshake. The circuit 
delays are in place to make sure that data is transferred 
successfully. To calculate the transfer rate, simply add up all 
the propagation delays through the sync/ack loop (Figures 
7 and 8): on the master, the ack receiver, the sync latch, 
Delay 1, and the sync driver; a bus propagation delay; on 
the slave, the sync receiver, the ack latch. Delay 2, and the 
ack driver; and another bus propagation delay. 

Should you use worst-case values throughout your evalua- 
tion? The beauty of a technology-independent asynchro- 
nous protocol is that is will adapt to the speed of the individ- 
ual logic elements in the sync/ack handshake path. If all the 
devices happen to have worst-case characteristics, then 
yes. If they are all fast parts, however, then data transfer will 
take place under best-case conditions. Both calculations 
are included, providing the expected operating range of the 
circuit. 


ASYNCHRONOUS TIMING CALCULATIONS 

Once again, the TTL design is overwhelmed by the settling 
time of the bus. Since the sync/ack signal pair are acting as 
clocks in this system, glitches that may occur during the 
signal settling time are intolerable. This means that the 
35 ns bus settling time must be hard-wired into the receiver 
logic, and cannot be reduced under best-case conditions. 
The performance of an asynchronous TTL backplane, from 
7.5 to 9.2 MT, cannot approach that of a similar synchro- 
nous backplane. 

The BTL Trapezoidal system has very similar performance 
to a TTL backplane under worst-case conditions. However, 
because there is no settling time penalty associated with 
BTL signals, the effect of improvements in device operation 
have a far more pronounced effect. In the best case, the 
performance is close to that of the equivalent synchronous 
system. Also, since the bus signal propagation delay is a 
function only of the distance between the two boards, mod- 
ules placed in adjacent slots will experience almost no 
backplane delays. 

A BTL Turbo board benefits from the same clean electrical 
environment that a Trapezoidal one does, except with a 40- 
50% overall improvement in performance. In the best case, 
the performance is the same as that of the equivalent syn- 
chronous system. Of course, as device parameters improve, 
with lower propagation delays and skews, the performance 
of the asynchronous system will continue to improve. The 
largest reductions in the transfer cycle time will come as 
interfaces for asynchronous busses such as Futurebus are 
integrated onto a single piece of silicon, where skews and 
delays can be more tightly controlled. 




CONCLUSION 

The use of transceivers designed specifically for the trans- 
mission-line environment typical in today's high-speed back- 
planes provides advantages in both the performance and 
electrical integrity of a system. The advantages of BTL only 
become obvious after a careful analysis of data transfer tim- 
ing considerations. The Trapezoidal and Turbo options pro- 
vide a designer with the opportunity to make the appropriate 
application-dependent cost/performance tradeoffs. A 
sometimes controversial issue is the appropriateness of a 
synchronous versus an asynchronous design. The former 
will usually provide an immediate performance advantage in 
a fully synchronized environment, but a carefully-designed 
general-purpose asynchronous protocol will often have a 
longer useful product life. 
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TABLE I. Device Parameters 


Device 

Parameter 

Minimum 

Maximum 

Maximum 

Setup/Hold 

(Transition) 

Prop. Delay 

Prop. Delay 

Skew 

DM74AS374 

LH 

3.0 

8.0 

5.0 

2.0/3.0 

Edge-Triggered Flip-Flop 

HL 

4.0 

9.0 

5.0 

DM74AS373 

LH 

3.5 

6.0 

2.5 

2.0/3.0 

Transparent Latch 

HL 

3.5 

6.0 

2.5 

DM74AS533 

LH 

4.0 

7.5 

3.5 

2.0/3.0 

Inverting Transparent Latch 

HL 

4.0 

7.0 

3.0 

DM74AS86 

Other Input L 

2.0 

6.5 

4.5 


2-Input XOR 

Other Input H 

1.0 

6.0 

5.0 


DM74AS240 

LH 

2.0 

6.5 

4.5 


Bus Driver/ Receiver 

HL 

2.0 

5.7 

3.7 


DM74AS242 

LH 

2.0 

6.5 

4.5 


Bus Transceiver 

HL 

2.0 

5.7 

3.7 


DS3896 

Rx 

5.0 

18.0 

13.0 


BTL Trapezoidal Transceiver 

Tx 

5.0 

15.0 

10.0 


DS3893 

Rx 


8.0 

6.0 


BTL Turbo T ransceiver 

Tx 


7.0 

5.0 



Note: Values in boldface are those used In the preceding calculations. 
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DS75160A/DS75161A/DS75162A 


National 

Tta Semiconductor 

DS75160A/DS75161A/DS75162A 
IEEE-488 GPIB Transceivers 

General Description Feat 


This family of high-speed-Schottky 8-channel bi-directional 
transceivers is designed to interface TTL/MOS logic to the 
IEEE Standard 488-1978 General Purpose Interface Bus 
(GPIB). PNP inputs are used at all driver inputs for minimum 
loading, and hysteresis is provided at all receiver inputs for 
added noise margin. The IEEE-488 required bus termination 
is provided internally with an active turn-off feature which 
disconnects the termination from the bus when Vcc is re- 
moved. A power up/down protection circuit is included at all 
bus outputs to provide glitch-free operation during Vcc pow- 
er up or down. 

The General Purpose Interface Bus is comprised of ■'6 sig- 
nal lines — 8 for data and 8 for interface management. The 
data lines are always implemented with DS75160A, and the 
management lines are either implemented with DS75161A 
in a single-controller system, or with DS75162A in a multi- 
controller system. 


Features 

■ 8-channel bi-directional non-inverting transceivers 

■ Bi-directional control implemented with TRI-STATE® 
output design 

■ Meets IEEE Standard 488-1978 

■ High-speed Schottky design 

■ Low power consumption 

■ High impedance PNP inputs (drivers) 

■ 500 mV (typ) input hysteresis (receivers) 

■ On-chip bus terminators 

■ No bus loading when Vcc is removed 

■ Power up/down protection (glitch-free) 

■ Pin selectable open collector mode on DS75160A driv- 
er outputs 

■ Accommodates multi-controller systems 


Connection Diagrams 


Dual-ln-Llne Package 



Top View 

Order Number DS75160AN 
See NS Package Number N20A 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 

contact the Nationai Semiconductor Sales Office/ 

Distributors for availabiiity and specifications. 

Supply Voltage, Vcc 7.0V 

Input Voltage 5.5V 

Storage Temperature Range — 65°C to + 150°C 

Lead Temperature (Soldering, 4 sec.) 260°C 

Maximum Power Dissipation* at 25°C 
Molded Package 1897 mW 

•Derate molded package 15.2 mW/"C above 25°C. 


Operating Conditions 



Min 

Max 

Units 

Vcc. Supply Voltage 

4.75 

5.25 

V 

T/\, Ambient Temperature 

0 

70 

“C 

Iql. Output Low Current 
Bus 


48 

mA 

Terminal 


16 

mA 


Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

High-Level Input Voltage 


2 



V 

V|L 

Low-Level Input Voltage 




0.8 

V 

V|K 

Input Clamp Voltage 

li = -18 mA 


-0.8 

-1.5 

V 

Vhys 

Input Hysteresis 

Bus 


400 

500 


mV 

VOH 

High-Level 
Output Voltage 

Terminal 

Iqh — —800 fxA 

m 

3.5 


V 

Bus (Note 5) 

Iqh = ~5.2 mA 

2.5 



VoL 

Low-Level 
Output Voltage 

Terminal 

Iql =16 mA 


0.3 

0.5 

B 

Bus 

Iqh = 48 mA 


0.4 

0.5 

l|H 

High-Level 
Input Current 

Terminal and 
TE, PE, DC, 
SC Inputs 

V| = 5.5V 


0.2 

100 

jliA 

V| = 2.7V 


0.1 

20 

l|L 

Low-Level 
Input Current 

V| = 0.5V 


-10 

-100 

fiA 

Vbias 

Terminator Bias 
Voltage at Bus Port 

Bus 

Driver 

Disabled 

•l(bus) = 0 (No Load) 

2.5 

3.0 

m 

m 

■load 

Terminator 
Bus Loading 

Current 

Driver 

Disabled 

V|(bus) = -1.5V to 0.4V 

-1.3 



mA 

V|(bus) = 0.4V to 2.5V 

0 


-3.2 

V|(bus) = 2.5V to 3.7V 



2.5 

-3.2 

V|(bus) = 3.7Vto5V 

0 


2.5 

V|(bus) = 5V to 5.5V 

0.7 


2.5 

Vcc = 0V,V,(bus) = OV to 2.5V 



40 

jxA 

>os 

Short-Circuit 
Output Current 

Terminal 

V| = 2V. Vo = OV (Note 4) 

-15 

-35 

-75 

mA 

Bus (Note 5) 

-35 

-75 

-150 

Icc 

Supply Current 

DS75160A 

Transmit, TE = 2V, PE = 2V, V| = 0.8V 


85 

125 

mA 

Receive, TE = 0.8V, PE = 2V, V| = 0.8V 


70 

100 

DS75161A 

DS75162A 

TE = 0.8V, DC = 0.8V, V| = 0.8V 


84 

125 

TE = 0.8V, DC = 0.8V, SC = 2V, V| = 0.8V 


85 

125 

C|N 

Bus-Port 

Capacitance 

Bus 

Vcc = 5V or OV, V| = OV to 2V, 
f = 1 MHz 


20 

30 

PF 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70”C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for Ta = 25“C and Vcc = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: This characteristic does not apply to outputs on DS75161A and DS75162A that are open collector. 
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DS75160A/DS75161A/DS75162A 


Switching Characteristics vcc = s.ov ±5 %,ta = o»cto7o»c(Notei) 


Symbol 

Parameter 

tPLH 

Propagation Delay Time. 
Low to High Level Output 

tpHL 

Propagation Delay Time. 
High to Low Level Output 

tPLH 

Propagation Delay Time. 
Low to High Level Output 

tpHL 

Propagation Delay Time. 
High to Low Level Output 

tpZH 

Output Enable Time 
to High Level 

IPHZ 

Output Disable Time 
From High Level 

IPZL 

Output Enable Time 
to Low Level 

IPLZ 

Output Disable Time 
From Low Level 

IPZH 

Output Enable Time 
to High Level 

tpHZ 

Output Disable Time 
From High Level 

tpZL 

Output Enable Time 
to Low Level 

tpLZ 

Output Disable Time 
From Low Level 

tpZH 

Output Pull-Up Enable 
Time (DS75160A Only) 

tpHZ 

Output Pull-UP Disable 
Time (DS75160A Only) 



To Conditions 


Vl = 2.3V 
Rl = 38.3ft 
Cl = 30 pF 
Figure 1 




Vl = 5.0V 
Rl = 240ft 
Cl = 30 pF 
Figure 2 


■ 

■ 


V| = 3.0V 

Vl = ov 

Rl = 480ft 
TE.DC. Cl=15pF 

or SC Figure 1 

(Note 2) Bus Vi = OV 

(Note 3) Vl = 2.3V 

Rl = 38.3ft 
Cl = 15 pF 
Figure 1 


V| = 3.0V 
Vl = OV 
Rl = 3 kft 

TE, DC. Cl=15pF 

or SC Terminal Figure 1 

(Note 2) V| = OV 

(Note 3) Vl = 5V 

Rl = 280ft 
Cl= 15pF 
Figure 1 


V| = 3V 
Vl = OV 
Rl = 480ft 
Cl = 15 pF 
Figure 1 


Note 1: Typical values are for Vcc = 5 0V and Ta = 25°C and are meant for reference only. 

Note 2: Refer to Functional Truth Tables for control input definition. 

Note 3: Test configuration should be connected to only one transceiver at a time due to the high current stress caused by the V| voltage source when the output 
connected to that input becomes active. 

Switching Load Configurations 


10 

20 

14 

20 

14 

20 

10 

20 

19 

32 

15 

22 

24 

35 

17 

25 

17 

33 

15 

25 

25 

39 

,5 

27 

10 

17 

10 

15 




OUT 

CONTROL 


Vco-H CONTROL 


Vc logic high = 3.0V 
Vc logic low = OV 

*Cl includes jig and probe capacitance 

FiGURE 1 


Vc logic high = 3.0V 
Vc logic low = OV 


*Cl includes jig and probe capacitance 

FIGURE 2 
























































































































































Connection Diagrams (Continued) 



Dual-In-Line Package 



Top View 

Order Number DS75161AN or DS75162AN 
See NS Package Number N20A or N22A 


TL/F/5804-3 
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DS75160A/DS75161A/DS75162A 


Functional Description 

DS75160A 

This device is an 8-channel bi-directional transceiver with 
one common direction control input, denoted TE. When 
used to implement the IEEE-488 bus, this device is connect- 
ed to the eight data bus iines, designated DIOi-DIOs- The 
port connections to the bus lines have internal terminators, 
in accordance with the iEEE-488 Standard, that are deacti- 
vated when the device is powered down. This feature guar- 
antees no bus loading when Vcc = OV. The bus port out- 
puts also have a control mode that either enables or dis- 
ables the active upper stage of the totem-pole configura- 
tion. When this control input, denoted PE, is in the high 
state, the bus outputs operate in the high-speed totem-pole 
mode. When PE is in the low state, the bus outputs operate 
as open collector outputs which are necessary for parallel 
polling. 

DS75161A 

This device is also an 8-channel bi-directional transceiver 
which is specifically configured to implement the eight man- 
agement signal lines of the IEEE-488 bus. This device, 
paired with the DS75160A, forms the complete 16-line inter- 
face between the IEEE-488 bus and a single controller in- 
strumentation system. In compliance with the system orga- 
nization of the management signal lines, the SRQ, NDAC, 
and NRFD bus port outputs are open collector. In contrast 
to the DS75160A, these open collector outputs are a fixed 
configuration. The direction control is divided into three 
groups. The DAV, NDAC, and NRFD transceiver directions 
are controlled by the TE input. The ATN, SRQ, REN, and 
IFC transceiver directions are controlled by the DC input. 
The EOl transceiver direction is a function of both the TE 
and DC inputs, as well as the logic level present on the ATN 
channel. The port connections to the bus lines have internal 
terminators identical to the DS75160A. 

DS75162A 

This device is identical to the DS75161A, except that an 
additional direction control input is provided, denoted SC. 
The SC input controls the direction of the REN and IFC 
transceivers that are normally controlled by the DC input on 
the DS75161 A. This additional control function is instrumen- 
tal in implementing multiple controller systems. 


Logic Diagrams 


Signal Line 
Classi- 
fication 


Data 
I/O Ports 


Management 

Signals 


Mne- 

monic 

Definition 

DC 

Direction Control 

PE 

Pull-Up Enable 

TE 

Talk Enable 

SC 

System Controller 

B1-B8 

Bus Side of Device 

D1-D8 

Terminal Side 
of Device 

ATN 

Attention 

DAV 

Data Valid 

EOl 

End or Identify 

IFC 

Interface Clear 

NDAC 

Not Data Accepted 

NRFD 

Not Ready for Data 

REN 

Remote Enable 

SRQ 

Service Request 


DS75161A/ 

DS75162A 

DS75160A 

All 


DS75161A/ 


Note 3: Driver and receiver outputs are totem-pole configurations 
Note 4: The driver outputs of DS75160A can have their active pull-ups 
disabled by switching the PE input (pin 11) to the logic low state. This 
mode configures the outputs as open collector. 


2-92 








Switching Waveforms 


Transmit Propagation Delays 



BUS* 

(INPUT) 


S.QV 


QV 


TERMINAL 

(OUTPUT) 


Receive Propagation Delays 



TL/F/5804-10 


TL/F/5804-11 


Terminal Enable/Disable Times 


TERMINAL 

OUTPUT 




•Input signal: f = 1.0 MHz. 50% duty cycle, V = t) i 5 ns 

Performance Characteristics 

Bus Port Load Characteristics 



-2 -1 0 1 2 3 4 5 

V|- BUS VOLTAGE (V) 

Refer to Electrical Characteristics table 
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TL/F/5804-14 




Functional Truth Tables 


DS75160A 


Control Input 
Level 

Data Transceivers 

TE 

PE 

Direction 

Bus Port Configuration 

H 

H 

T 

Totem-Pole Output 

H 

L 

T 

Open Collector Output 

L 

X 

R 

Input 


DS75161A 


Control Input Level 

Transceiver Signal Direction 

TE 

DC 

ATN 


BS!1 


IFC 

SRQ 

NRFD 

NDAC 

DAV 

n 

o 



■ 

R 

R 

T 

R 

R 

T 


M 




T 

T 

R 

R 

R 

T 

n 

mm 



■ 

R 

R 

T 

T 

T 

R 

n 

H 

B 


■ 

T 

T 

R 

T 

T 

R 

H 

X 

B 

1 

T 

B 






L 

B 

B 

1 

R 

B 






X 

M 

B 

1 

R 

B 






X 

B 

B 

1 

D 

B 







DS75162A 


Control Input Level 

Transceiver Signal Direction 

SC 

TE 

DC 

ATN* 

BSfl 


IFC 

SRQ 

NRFD 

NDAC 

DAV 

o 

B 

B 

■ 

El 

■ 

T 

T 

T 

R 

R 

T 

B 

B 

B 

■ 

T 

■ 

T 

T 

R 

R 

R 

T 

B 

B 

B 

■ 

R 

■ 

T 

T 

T 

T 

T 

R 

B 

■■ 

B 

■ 


■ 

T 

T 

R 

T 

T 

R 

B 

B 

Wm 

■ 



R 

R 

T 

R 

R 

T 

B 

B 

B 

■ 


■ 

R 

R 

R 

R 

R 

T 

B 

B 

B 

■ 


■ 

R 

R 

T 

T 

T 

R 

B 

B 

B 

■ 

U 

■ 

R 

R 

R 

T 

T 

R 


H 

B 

R 

■ 

T 

■ 







L 

B 

H 

■ 

R 







X 

X 

B 

H 

■ 

R 







X 

X 

B 

B 

■ 

T 

B 







H = High level input 
L = Low levei input 
X = Don’t care 

T = Transmit, i.e., signal outputted to bus 
R = Receive, i.e., signai outputted to terminal 

*The ATM signal level is sensed for internal multiplex control of EOl transmission direction logic. 
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DS7640/DS8640 


National 

Semiconductor 


DS7640/DS8640 Quad NOR Unified Bus Receiver 


General Description 

The DS7640 and DS8640 are quad 2-input receivers de- 
signed for use in bus organized data transmission systems 
interconnected by terminated 120n impedance lines. The 
external termination is intended to be 180fl resistor from 
the bus to the -fSV logic supply together with a 39011 resis- 
tor from the bus to ground. The design employs a built-in 
input threshold providing substantial noise immunity. Low 
input current allows up to 27 driver/receiver pairs to utilize a 
common bus. 


Features 

■ Low input current with normal Vcc or Vcc = OV 
(30 )liA typ) 

■ High noise immunity (1.1V typ) 

■ Temperature-insensitive input thresholds track bus logic 
levels 

■ TTL compatible output 

■ Matched, optimized noise immunity for “1” and “0" 
levels 

■ High speed (1 9 ns typ) 


Connection Diagram 


Duai-ln-Line Package 


OUT 3 OUT 4 IN4A IN 48 IN 3A IN 3B 



GND OUT 2 0UT1 IN 1A IN IB IN ZA IN 28 

Top View 

Order Number DS7640J, DS8640J or DS8640N 
See NS Package Number J14A or N14A 


Typical Application 


120n Unified Data Bus 


‘1 P"" 

' DS8641 

1 


h-1 — I 

H I I Y. II III 

A I I ^ I I M I 

y 1 1 i j II w I 

I I I t/B I I 1/4 Y I 

_l I I D58837T I I DS8640 I | 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avaiiabiiity and specifications. 

Supply Voltage 7.0V 

Input Voltage » 5.5V 

Storage Temperature Range -65°Cto +150°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 308 mW 

Molded Package 1 207 mW 

Lead T emperature (Soldering, 4 seconds) 260°C 

•Derate cavity package 8.7 mW/”C above 25°C; derate molded package 
9.7 mW/‘C above 25“C. 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage (Vcc) 

DS7640 

4.5 

5.5 

V 

DS8640 

4.75 

5.25 

V 

Temperature (Ta) 

DS7640 

-55 

+ 125 

°c 

DS8640 

0 

+ 70 

°c 


Electrical Characteristics 

The following apply for Vmin ^ Vcc ^ V^ax. Tmin ^ Ta ^ T^ax. unless otherwise specified (Notes 2 and 3) 


Symbol 


V|H 


High Level Input Threshold Vqut = Vql 


Low Level Input Threshold 


Maximum Input Current 



Maximum Input Current 


Output Voltage 


Output Voltage 


Output Short Circuit Current V|n = 0.5V, Vqs = OV, Vcc = V^ax. (Note 4) 


Power Supply Current 


Switching Characteristics Ta = 25°C, nominal power supplies unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 


tpd 

Propagation Delays 

(Notes 5 and 6) 

Input to Logic “1 ” Output 

10 

23 

35 

ns 




Input to Logic “0” Output 

10 

15 

30 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 55”C to + 1 25"C temperature range for the DS7640 and across the 0°C to + 70°C range for 
the DS8640. All typical values are Ta = 25°C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Fan-out of 10 load, Cload = 15 pF total, measured from V|n = 1.5V to Vqut = 1-5V, V|n = OV to 3V pulse. 

Note 6: Apply to Vcc = 5V, Ta = 25"C. 
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DS7641/DS8641 


National 
JLm Semiconductor 


DS7641/DS8641 Quad Unified Bus Transceiver 


General Description 


The DS7641 and DS8641 are quad high speed drivers/re- 
ceivers designed for use in bus organized data transmission 
systems interconnected by terminated 12011 impedance 
lines. The externai termination is intended to be a 18011 
resistor from the bus to the + 5V iogic suppiy together with 
a 39011 resistor from the bus to ground. The bus can be 
terminated at one or both ends. Low bus pin current aiiows 
up to 27 driver/receiver pairs to utilize a common bus. The 
bus loading is unchanged when Vcc = OV. The receivers 
incorporate tight thresholds for better bus noise immunity. 
One two-input NOR gate is included to disable all drivers in 
a package simultaneously. 


Features 

■ 4 separate driver/receiver pairs per package 

■ Guaranteed minimum bus noise immunity of 0.6V, 1.1V 
typ 

■ Temperature insensitive receiver thresholds track bus 
logic levels 

■ 30 JU.A typical bus terminal current with normal Vcc or 
with Vcc = OV 

■ Open collector driver output allows wire-OR connection 

■ High speed 

■ Series 74 TTL compatible driver and disable inputs and 
receiver outputs 


Connection Diagram 


Dual-ln-Line Package 


OUT 2 DISABLE A 



Typical Application 


OUT 4 DISABLES GND 


Top View 

Order Number DS7641J, DS8641J or DS8641N 
See NS Package Number J16A or N16A 

12011 Unified Data Bus 



1 

! . DS8641 


J L_ 


• I 1/6 < 

J I DS8837 


' ' 1/4 

[DS8M0 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7V 

Input and Output Voltage 5.5V 

Storage T emperature Range - 65‘’C to + 1 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1433 mW 

Molded Package 1362 mW 

Lead T emperature (Soldering, 4 seconds) 260°C 


Electrical Characteristics 

The following apply for Vmin ^ Vcc ^ Vmax. Tmin ^ Ta ^ T^ax unless otherwise specified (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


DRIVER AND DISABLE INPUTS 


V|H 

Logical “1" Input Voltage 


2.0 



V 

V|L 

Logical “0" Input Voltage 




0.8 

V 

l| 

Logical “1” Input Current 

V|N = 5.5V 



1 

mA 

l|H 

Logical “1" Input Current 

V|N = 2.4V 



40 

JU.A 

l|L 

Logical “0” Input Current 

V|N = 0.4V 



-1.6 

mA 

VCL 

Input Diode Clamp Voltage 

IpiS “ “"12 mA, liN = — 1 2 mA, Igus = ~ 1 2 mA, 
Ta = 25°C 


-1 

-1.5 

V 


DRIVER OUTPUT/RECEIVER INPUT 


1 1 

VoLB 

Low Level Bus Voltage 

Vdis = 0.8V, V|(M = 2V, Ibus = 50 mA 


0.4 

0.7 

V 

l|HB 

Maximum Bus Current 

V|N = 0.8V, Vbus = 4V, Vcc = Vmax 


30 

100 

juA 

l|LB 

Maximum Bus Current 

V|N = 0.8V, Vbus = 4V, Vcc = ov 


2 

100 

/U.A 

V|H 

High Level Receiver Threshold 

V|ND = 0.8V, VoL = 16 mA 

DS7641 

1.80 

1.50 


V 

DS8641 

1.70 

1.50 


V 

V|L 

Low Level Receiver Threshold 

VlND “ 0.8V, VoH ~ —400 p.A 

DS7641 


1.50 

1.20 

V 

DS8641 


1.50 

1.30 

V 


RECEIVER OUTPUT 


VoH 

Logical "1” Output Voltage 

V|N = 0.8V, Vbus = o.5V, Iqh = -400 

2.4 



V 

VoL 

Logical “0” Output Voltage 

V|N = 0.8V, Vbus ~ 4V, Iql =16 mA 


0.25 

0.4 

V 

Iqs 

Output Short Circuit Current 

Vdis = 0.8V, V|n = 0.8V, Vbus = o.5V, Vqs = ov, 
Vcc = Vmax. (Note 4) 

-18 


-55 

mA 

Icc 

Supply Current 

Vdis ^ OV, V|n = 2V, (per Package) 


50 

70 

mA 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage, (Vcc) 

DS7641 

4.5 

5.5 

V 

DS8641 

4.75 

5.25 

V 

Temperature Range, (Ta) 

DS7641 

-55 

-M25 

°c 

DS8641 

0 

+ 70 

°c 


•Derate cavity package 9.6 mW/°C above 25°C; derate molded package 
10.9 mW/”C above 25“C. 
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DS7641/DS8641 


Switching Characteristics Ta = 25°C, Vcc = 5V, unless otherwise indicated 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpD 

Propagation Delays (Note 7) 

(Note 5) 


■■ 


■■ 


Disable to Bus “1” 




30 



Disable to Bus “0” 



mm 

30 



Driver Input to Bus “1 ” 



17 

25 

ns 


Driver Input to Bus “0” 



17 

25 

ns 


Bus to Logical “1" Receiver Output 

(Note 6) 


20 

30 

ns 


Bus to Logical “0” Receiver Output 



18 

30 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
shouid be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Uniess otherwise specified min/max limits apply across the -55°C to +125"C temperature range for the DS7641 and across the 0°C to +70°C range for 
the DS8641. All typical values are for T^ = 25°C and Vcc = 

Note 3: All currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise noted. Ail values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: 91 ft from bus pin to Vcc and 200fl from bus pin to ground. C[_oad = 15 pF total. Measured from V|n = 1.5V to Vbus = l-SV, V|n = OV to 3V pulse. 
Note 6: Fan-out of 10 load, Cload = 15 pF total. Measured from V|n = 1.5V to Vqut = 1-5V, V|fj = OV to 3V pulse. 

Note 7: The following apply for Vcc == 5V, Ta = 25°C unless othenvise specified. 
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National 

Semiconductor 


DS7833/DS8833/DS7835/DS8835 
Quad TRI-STATE® Bus Transceivers 


General Description 

This family of TRI-STATE bus transceivers offers extreme 
versatility in bus organized data transmission systems. The 
data bus may be unterminated, or terminated DC or AC, at 
one or both ends. Drivers in the third (high impedance) state 
load the data bus with a negligible leakage current. The 
receiver input current is low allowing at least 100 driver/ re- 
ceiver pairs to utilize a single bus. The bus loading is un- 
changed when Vcc = OV. The receiver incorporates hyster- 
esis to provide greater noise immunity. All devices utilize a 
high current TRI-STATE output driver. The DS7833/ 
DS8833 and DS7835/DS8835 employ TRI-STATE outputs 
on the receiver also. 

The DS7833/DS8833 are non-inverting quad transceivers 
with a common inverter driver disable control and common 
inverter receiver disable control. 

The DS7835/DS8835 are inverting quad transceivers with a 
common inverter driver disable control and a common in- 
verter receiver disable control. 


Features 


■ Receiver hysteresis 

■ Receiver noise immunity 

■ Bus terminal current for 
normal Vcc or Vcc = OV 

■ Receivers 

Sink 

Source 

■ Drivers 

Sink 

Source 


400 mV typ 
1 .4V typ 
80 (liA max 


16 mA at 0.4V max 
2.0 mA (Mil) at 2.4V min 
5.2 mA (Com) at 2.4V min 

50 mA at 0.5V max 
32 mA at 0.4V max 
10.4 mA (Com) at 2.4V min 
5.2 mA (Mil) at 2.4V min 


■ Drivers have TRI-STATE outputs 

■ DS7833/DS8833, DS7835/DS8835 receivers have 
TRI-STATE outputs 

■ Capable of driving lOOfl DC — terminated buses 

■ Compatible with Series 54/74 


Connection Diagram 

Oual-ln-Llne Package 

DRIVER 



Order Number DS7833J, DS8833J 
or DS8833N 

See NS Package Number J16A or N16A 


DuaMn*Line Package 


DRIVER 



Order Number DS7835J, DS8835J 
or DS8835N 

See NS Package Number J16A or N16A 
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DS7833/DS7835/DS8833/DS8835 






DS7833/DS7835/DS8833/DS8835 


Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7.0V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature -65°Cto +150‘’C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded Package 1 476 mW 

Lead T emperature (Soldering, 4 sec.) 260°C 

•Derate cavity package 10.1 mW/°C above 25°C; derate molded package 

11.8 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 

Min 

Supply Voltage, Vcc 
DS7833/DS7835 4.5 

DS8833/DS8835 4.75 

Temperature (Ta) 

DS7833/DS7835 -55 

DS8833/DS8835 0 


Symbol 

Parameter 

Conditions 

Min 

Typ 1 

Max 

Units 

DISABLE/DRIVER INPUT 

V|H 

High Level Input Voltages 

Vcc — Min 




V 

V|L 

Low Level Input Voltage 

c 

II 

o 

o 

> 

DS7833, DS8833, DS8835 



0.8 

V 




DS7835 



0.7 


l|H 

High Level Input Current 

Vcc = Max 

V|N = 2.4V 



40 

jliA 




V|N = 5.5V 



1.0 

mA 



Low Level Input Current 


Input Clamp Diode 


Vcc ~ Max, V|N = 0.4V 


Vcc = 5.0V, l|N = -12 mA, Ta = 25°C 


Driver Low Level Disabled Driver Disable Input = 2.0V, V|n = 0.4V 
Input Current 


-1.6 mA 


-1.5 V 


-40 nA 


RECEIVER INPUT/BUS OUTPUT 


Vth 

High Level Threshold Voltage 

Vtl 

Low Level Threshold Voltage 

Is 

Bus Current, Output Disabled 
or High 

VoH 

Logic “1 ” Output Voltage 

Vql 

Logic “0” Output Voltage 

Iqs 

Output Short Circuit Current 

RECEIVER OUTPUT 

Vqh 

Logic “1” Output Voltage 

Vql 

Logic “0” Output Voltage 

Iqt 

Output Disabled Current 



DS7833, DS7835 1.4 


DS8833, DS8835 


DS7833, DS7835 


DS8833, DS8835 I 0.8 


Vcc = Max 


Vcc = ov 


Vcc = Max, VbuS = 0.4V 


Vcc Min 


Vcc ~ Min 


Vcc ‘ Min 


Iqut = -5.2 mA DS7833, DS7835 


IquT — —10.4 mA DS8833, DS8835 


louT — 50 mA 


•out ‘ 32 mA 


louT = -2.0 mA DS7833, DS7835 


Iqut = -5.2 mA DS8833, DS8835 



Vcc — Min, Iqlit — 16 mA 


Vcc = Max, Disable Vqijt = 2.4V 
Inputs = 2.0V VouT = 0.4V 


V 


V 


0.4 V 


40 ju,A 


-40 nA 
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Electrical Characteristics (Notes 2 and 3) (Continued) 

Symbol Parameter Conditions Min Typ Max Units 

RECEIVER OUTPUT (Continued) 


los 

Output Short Circuit Current 

Vcc = Max, (Note 4) 

DS7833, DS7835 

28 

-40 

-70 

mA 




DS8833, DS8835 

-30 


-70 

mA 

Icc 

Supply Current 

Vcc = Max 

DS7833, DS8833 


84 

116 

mA 




DS7835, DS8835 


75 

95 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should bo operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55“C to + 125”C temperature range for the DS7833, DS7835 and across the 0°C to + 70°C 
range for the DS8833, DS8835. All typicals are given for Vcc = 5 0V and T^ = 25°C. 

Note 3: All currents Into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 


Switching Characteristics vcc = s.ov.ta = 25 °c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpdO 

Propagation Delay to a Logic "0” 

(Figure 1) 

DS7833/DS8833 


14 

30 

ns 


from Input to Bus 


DS7835/DS8835 


10 

20 

ns 

tpd1 

Propagation Delay to a Logic “1 ” 

(Figure 1) 

DS7833/DS8833 


14 

30 

ns 


from Input to Bus 


DS7835/DS8835 


11 

30 

ns 

tpdO 

Propagation Delay to a Logic “0" 

(Figure 2) 

DS7833/DS8833 


24 

45 

ns 


from Bus to Input 


DS7835/DS8835 


16 

35 

ns 

tpdl 

Propagation Delay to a Logic “1 ” 

(Figure 2) 

DS7833/DS8833 


12 

30 

ns 


from Bus to Input 


DS7835/DS8835 


18 

30 

ns 

tpHZ 

Delay from Disable Input to High 

Cl = 5.0 pF. 

Driver 


8.0 

20 

ns 


Impedance State (from Logic “1” Level) 

(Figures 1 and 2) 

Receiver 


6.0 

15 

ns 

tpLZ 

Delay from Disable Input to High 

Cl = 5.0 pF, 

Driver 


20 

35 

ns 


Impedance State (from Logic “0" Level) 

(Figures 1 and 2) 

Receiver 


13 

25 

ns 

tpZH 

Delay from Disable Input to Logic 

Cl = 5.0 pF, 

Driver 


24 

40 

ns 


“1” Level (from High Impedance State) 

(Figures 1 and 2) 

Receiver 


16 

35 

ns 

tpZL 

Delay from Disable Input to Logic 

Cl = 5.0 pF. 

Driver 


19 

35 

ns 


“0” Level (from High Impedance State) 

(Figures 1 and 2) 

Receiver DS7833/DS8833 


15 

30 

ns 




Receiver DS7835/DS8835 


33 

50 

ns 


AC Test Circuits 



TL/F/5808-3 TL/F/5808-4 

FIGURE 1 . Driver Output Load FIGURE 2. Receiver Output Load 
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Switching Time Waveforms 


tpdl & tpdO 



TL/F/5808-5 

f = 1 MHz 

t, = tf :£ 10 ns (10% to 90%) 

DUTY CYCLE = 50% 


tpLZ 



TL/F/5808-6 



TL/F/5808-9 




National 

Semiconductor 


DS7834/DS8834/DS7839/DS8839 Quad TRI-STATE' 
Bus Transceivers 


General Description 

This family of TRI-STATE bus transceivers offers extreme 
versatility in bus organized data transmission systems. The 
data bus may be unterminated, or terminated DC or AC, at 
one or both ends. Drivers in the third (high impedance) state 
load the data bus with a negligible leakage current. The 
receiver input current is low, allowing at least 100 driver/ re- 
ceiver pairs to utilize a single bus. The bus loading is un- 
changed when Vcc = OV. The receiver incorporates hyster- 
esis to provide greater noise immunity. Both devices utilize a 
high current TRI-STATE output driver. The DS7834/ 
DS8834 and DS7839/DS8839 employ TTL outputs on the 
receiver. 

The DS7839/DS8839 are non-inverting quad tranceivers 
with two common inverter driver disable controls. 

The DS7834/DS8834 are inverting quad transceivers with 
two common inverter driver disable controls. 


Features 

■ Receiver hysteresis 

■ Receiver noise immunity 

■ Bus terminal current for 
normal Vcc or Vcc = OV 

■ Receivers 

Sink 

Source 


400 mV typ 
1.4V typ 

80 juA max 

16 mA at 0.4V max 
2.0 mA (Mil) at 2.4V min 
5.2 mA (Com) at 2.4V min 


Sink 50 mA at 0.5V max 

32 mA at 0.4V max 
Source 1 0.4 mA (Com) at 2.4V min 

5.2 mA (Mil) at 2.4V min 

■ Drivers have TRI-STATE outputs 

■ Receivers have TRI-STATE outputs 

■ Capable of driving lOOn DC-terminated Buses 

■ Compatible with Series 54/74 


Connection Diagrams 


Dual-In-Line Package 

DRIVER 

Vcc BUSd INd OUTd BUSc INc OUTc DISABLE 


Dual-ln-Llne Package 

DRIVER 

Vcc BUSd INd DUTd BUSc INc OUTc DISABLE 


■■ 


INa OUTa BUSa INa OUTa DRIVER GND 

DISABLE 


Top View 

Order Number DS7834J, DS8834J or DS8834N 
See NS Package Number J16A or N16A 


BUSa INa DUTa BUSg INa OUTa DRIVER GND 

DISABLE 


Top View 

Order Number DS7839J, DS8839J or DS8839N 
See NS Package Number J16A or N16A 


2-105 


DS7834/DS8834/DS7839/DS8839 



DS7834/DS8834/DS7839/DS8839 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Saies Office/ 
Distributors for availability and specifications. 

Supply Voltage 7.0V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded Package 1 476 mW 

•Derate cavity package 10.1 mW/°C above 25”C; derate molded package 
11.8 mW/»C above 25”C. 

Electrical Characteristics (Notes 2 and 3) 


Storage Temperature 

Lead Temperature (Soldering, 4 seconds) 

Operating Conditions 

Min I 

Supply Voltage (Vcc) 

DS7834, DS7839 4.5 

DS8834, DS8839 4.75 f 

Temperature (Ta) 

DS7834, DS7839 -55 -+ 

DS8834, DS8839 0 


65°Cto +150°C 
260“C 


Parameter 

Conditions 

Min 

Typ 

Max 


Symbol 


DISABLE/DRIVER INPUT 


High Level Input Voltage 


Low Level Input Voltage 


High Level Input Current 


Low Level Input Current 


Driver DiasbIed Input 
Low Current 


Input Clamp Diode 


RECEIVER INPUT/BUS OUTPUT 


Vcc Min 


Vcc — Min 


Vcc — Max V|N = 2.4V 
V|N = 5.5V 


Vcc = Max, V|N = 0.4V 


Driver Disable Input = 2.0V, V|n = 0.4V 


Vcc = 5.0V, l|N = -12mA,TA = 25°C 


VtH 

High Level Threshold Voltage 

Vcc = Max 


DS7834, DS7839 





DS8834, DS8839 

Vtl 

Low Level Threshold Voltage 

Vcc ~ Min 


DS7834, DS7839 





DS8834, DS8839 

Ibh 

Bus Current, Output 

Vbus = 

Vcc = Max, Disable Input = 2.0V 


Disabled or High 


< 

o 

o 

II 

o 

< 



Vcc = Max, Vsus = 0.4V, Disable Input = 2.0V 

Vqh 

Logic “1 ” Output Voltage 

Vcc ~ Min 

•out = “5.2 mA 

DS7834, DS7839 




Iqut — ~ 1 0.4 mA 

DS7834, DS8839 

VoL 

Logic “0” Output Voltage 

Vcc ~ Min 

louT “ 50 mA 




'out 32 mA 

los 

Output Short Circuit Current 

Vcc = Max, (Note 4) 



RECEIVER OUTPUT 



Logic “1 ” Output Voltage 


Logic “0” Output Voltage 


Output Short Circuit Current 


Supply Current 


Vcc ~ Min 


Vcc — Min, louT — 16 mA 


Vcc = Max, (Note 4) 


'out = “2.0 mA 

DS7834, DS7839 

'out “5-2 mA 

DS8834, DS8839 


DS7834, DS7839 


DS8834, DS8839 


IBI 

3.0 


V 

IBI 

2.9 


V 


0.22 

0.4 

V 

-28 

-40 

-70 

mA 

-30 


-70 

mA 


75 

95 

mA 


Vcc = Max 


Note 1: “Absolute Maximum Ratings" are those vaiues beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to impiy that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note Unlessothc.wise specified, min/max limits appiy across the -55”Cto +125°C temperature range for the DS7834, DS7839 and across the 0°C to +70°C 
range for the DS8834, DS8839. All typicals are given for Vcc = 5 0V and T/^ = 25°C. 

Note 3; All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time shouid be shorted. 
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Switching Characteristics vcc = s.ov.ta = 25 »c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

<pd0 

Propagation Delay to a Logic “0” 

(Figure 1) 

DS7839/DS8839 


14 

30 

ns 


from Input to Bus 


DS7834/DS8834 


10 

20 

ns 

^pdl 

Propagation Delay to a Logic “1” 

(Figure 1) 

DS7839/DS8839 


14 

30 

ns 


from Input to Bus 


DS7834/DS8834 


11 

30 

ns 

tpdO 

Propagation Delay to a Logic “0” 

(Figure 2) 

DS7839/DS8839 


24 

45 

ns 


from Bus to Output 


DS7834/DS8834 


16 

35 

ns 

*pd1 

Propagation Delay to a Logic “1 ” 

(Figure 2) 

DS7839/DS8839 


12 

30 

ns 


from Bus to Output 


DS7834/DS8834 


18 

30 

ns 

tpHZ 

Delay from Disable Input to High 
Impedance State (from Logic “1” Level) 

Cl = 5.0 pF, (Figures 1 and 2) Driver Only 


8 

20 

ns 

tPLZ 

Delay from Disable Input to High 
Impedance State (from Logic “0” Level) 

Cl = 5.0 pF, (Figures 1 and 2) Driver Only 


20 

35 

ns 

<PZH 

Delay from Disable Input to Logic 
“1” Level (from High Impedance State) 

Cl = 50 pF, (Figures 1 and 2) Driver Only 


24 

40 

ns 

tpZL 

Delay from Disable Input to Logic 
“0” Level (from High Impedance State) 

Cl = 50 pF, (Figures 1 and 2) Driver Only 


19 

35 

ns 


AC Test Circuit 



Switching Time Waveforms 


tpdl and tp^o tpLz 



TL/F/5809-5 

f = 1 MHz 

V = tf S 10 ns (10% to 90%) 

Duty Cycle = 50% 
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DS7834/DS8834/DS7839/DS8839 














































































Switching Time Waveforms (Continued) 


tpHZ 



TL/F/5809-7 


tpZL 


3V 

INPUT 

OV 


OUTPUT 



TL/F/5809-8 


tpZH 


3V 

INPUT 

OV 




OUTPUT 

=«1.5V 



ACTUAL LOGICAL"!" 
VOLTAGE 


TL/F/5809-9 


Truth Table 


Disable 

Input 

Driver 

Input 

(INx) 

Receiver Input/ 
Bus Output 
(BUSx) 

Receiver 

Output 

(OUTx) 

Mode of 
Operation 

DS7834/DS8834 

1 

X 


bDs 

Receive Bus Signal 

0 

1 

0 

1 

Drive Bus 

0 

0 

1 

0 

Drive Bus 

DS7839/DS8839 

1 

X 


BUS 

Receive Bus Signal 

0 

1 

1 

1 

Drive Bus 

0 

0 

0 

0 

Drive Bus 


X = Don’t care 




National 


Semiconductor 


DS7836/DS8836 Quad NOR Unified Bus Receiver 


General Description 


The DS7836/DS8836 are quad 2-input receivers designed 
for use in bus organized data transmission systems inter- 
connected by terminated 120n impedance lines. The exter- 
nal termination is intended to be 180fl resistor from the bus 
to the +5V logic supply together with a 390n resistor from 
the bus to ground. The design employs a built-in input hys- 
teresis providing substantial noise immunity. Low input cur- 
rent allows up to 27 driver/receiver pairs to utilize a com- 
mon bus. Performance is optimized for systems with bus 
rise and fall times ^ 1.0 p,s/V. 


Features 

■ Low input current with normal Vcc or Vcc = OV 
(15 jliA typ) 

■ Built-in input hysteresis (IV typ) 

■ High noise immunity (2V typ) 

■ Temperature-insensitive input thresholds track bus logic 
levels 

■ TTL compatible output 

■ Matched, optimized noise immunity for “1” and “0" 
levels 

■ High speed (18 ns typ) 


Typical Application 

120n Unified Data Bus 

♦5V »5V 



TL/F/5810-1 

Connection Diagram 


Dual-In-Line Package 

OUT 3 OUT 4 IN4A IN4B IN 3A IN3B Vrr 



GNO OUT 2 0UT1 IN 1A IN IB IN 2A IN 2B 

TUF/5810-2 

Top View 

Order Number DS7836J, DS8836J or DS8836N 
See NS Package Number J14A or N14A 
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DS7836/DS8836 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Saies Office/ 
Distributors for availabiiity and specifications. 

Supply Voltage 7.0V 

Current Voltage 5.5V 

Storage Temperature Range -65°C to + 150°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 308 mW 

Molded Package 1 207 m\A/ 

Lead Temperature (Soldering, 4 seconds) 260 °C 

•Derate cavity package 8.7 mW/°C above SS’C; derate molded package 9.7 
mW/°C above 25°C. 

Electrical Characteristics 


Operating Conditions 

Min 

Supply Voltage (Vcc) 

DS7836 4.5 

DS8836 4.75 

Temperature (Ta) 

DS7836 -55 


Symbol 


Vth 


Parameter 


High Level Input Threshold 


Low Level Input Threshold 


Maximum Input Current 


Logical “1” Output Voltage 


Logical “0” Output Voltage 


Conditions 


Vcc = Max 


Vcc ~ Min 


V|N = 4V Vcc = Max 

Vcc = ov 


V|N = 0.5V, loUT ~ —400 p.A 


M|N “ 4V, loUT ~ 


DS7836 


DS8836 


DS7836 


DS8836 


Output Short Circuit Current V|n = 0.5V, Vqut = Vcc = Max, (Note 4) 


Power Supply Current 


Input Clamp Diode Voltage 


V|N = 4V, (Per Package) 


l|N = —12 mA, Ta — 25°C 


Min 

Typ 

Max 

Units 

1.65 

2.25 

2.65 

V 

1.80 

2.25 

2.50 

V 

0.97 

1.30 

1.63 

V 

1.05 

1.30 

1.55 

V 


15 

50 

jaA 


1 

50 

juA 

IBI 



V 


0.25 

0.4 

V 

-18 


-55 

mA 


25 

40 

mA 


-1 

-1.5 

V 


Switching Characteristics Vcc = 5M, Ta = 25°C unless otherwise specified 


Symboi 

Parameter 

Conditions 

tpd 

Propagation Delays 

(Notes 4 and 5) 

input to Logical “1” Output 




Input to Logical “0” Ouptut 



Typ 

Max 

Units 

20 

30 

ns 

18 

30 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless othenwise specified min/max limits apply across the -55”C to + 125“C temperature range for the DS7836 and across the 0°C to +70”C range for 
the DS8836. All typical values are for Ta = 25°C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4; Fan-out of 10 load, Clqad = 15 pF total, measured from V|n = 1.3V to Vqut = 1-5V, V|n = OV to 3V pulse. 

Note 5: Fan-out of 10 load, Clqad = 15 pF total, measured from V|n = 2.3V to Vqut = T5V, Vim = OV to 3V pulse. 
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National 

Semiconductor 


DS7837/DS8837 Hex Unified Bus Receiver 


General Description 

The DS7837/DS8837 are high speed receivers designed for 
use in bus organized data transmission systems intercon- 
nected by terminated 120ft impedance lines. The external 
termination is intended to be 180ft resistor from the bus to 
the -t- 5V logic supply together with a 390ft resistor from the 
bus to ground. The receiver design employs a built-in input 
hysteresis providing substantial noise immunity. Low input 
current allows up to 27 driver/receiver pairs to utilize a com- 
mon bus. Disable inputs provide time discrimination. Disable 
inputs and receiver outputs are TTL compatible. Perform- 
ance is optimized for systems with bus rise and fall times 
^1.0 jas/V. 


Features 

■ Low receiver input current for normal Vcc or Vcc = OV 
{15 jaA typ) 

■ Six separate receivers per package 

■ Built-in receiver input hysteresis (1V typ) 

■ High receiver noise immunity (2V typ) 

■ Temperature insensitive receiver input thresholds track 
bus logic levels 

■ TTL compatible disable and output 

■ Molded or cavity dual-in-line or flat package 

■ High speed 


Typical Application 


♦5V +bV 



TL/F/5811-1 

Connection Diagram 

Dual-In-Line Package 



IN 4 OUT 4 INS OUTS INS OUTS DISABLES GND 

TL/F/5811-2 

Top View 

Order Number DS7837J, DS8837J, 

DS8837M or DS8837N 

See NS Package Number J16A, M16A or N16A 
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DS7837/DS8837 


Absolute Maximum Ratings (Note d Operating Conditions 

If Military/Aerospace specified devices are required, 

contact the National Semiconductor Sales Office/ Supply Voltage, (Vcc) 

Distributors for availability and specifications. DS7837 4.5 

e , w u -,w DS8837 4.75 

Supply Voltage 7V 

,npu.V 0 ,«gs 5.5V . 

Operating Temperature Range DS8837 0 

DS7837 -55°Cto +125°C 

DS8837 O^C to + 70°C 

Storage Temperature Range -65°C to + 1 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 433 mW 

Molded Dl P Package 1 362 mW 

SO Package 1002mW 

Lead Temperature (Soldering, 4 seconds) 260°C 

•Derate cavity package 9,6 mW/’C above 25°C; derate molded DIP package 
10.9 mW/”C above 25°C; derate SO package 8.01 mW/”C above 25°C. 

Electrical Characteristics 

The following apply for Vmin ^ Vcc ^ V^ax. Tmin ^ Ta ^ Tiviax. unless otherwise specified (Notes 2 and 3) 


Parameter 

High Level Receiver Threshold 
Low Level Receiver Threshold 


Conditions 


Vcc = Max 


Vcc ~ Min 


Maximum Receiver Input Current V|n = 4V 


Logical “0” Receiver Input Current 
Logical “1” Input Voltage 
Logical “0" Input Voltage 
Logical “1” Input Current 

Logical “0” Input Current 
Logical “1 ” Output Voltage 

Logical “0” Output Voltage 
Output Short Circuit Current 

Power Supply Current 
Input Clamp Diode 


V|N = 0.4V, Vcc = Vmax 


Disable Input 



DS7837 


DS8837 


DS7837 


DS8837 


Vcc = Vmax 


Vcc = ov 


Disable 


Disable 


Vind = 2.4V 


V|ND = 5.5V 


V|N = 4V, V|ND = 0.4V, Disable Input 

V|N = 0.5V, V|ND = 0.8V, 

Iqh = -400 fj,A 

V|N " 4V, V||M 0 = 0.8V, Iqh =16 mA 

V|N = 0.5V, V|ND = OV, Vos = OV, 
Vcc = Vmax. (Note 4) 

V|N = 4V, V|ND = OV, (Per Package) 

V||M = -12 mA, V|ND = -12 mA, 

Ta = 25°C 



45.0 

60.0 

- 1.0 

-1.5 
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Switching Characteristics Ta = 25°C, nominal power supplies unless otherwise noted 


Input - OV, 
Disable, (Note 7) 


Max 

Units 

30 

ns 

30 

ns 

15 

ns 

10 

ns 


Symbol Parameter Conditions 


tpd Propagation Delays V|nd = OV. Input to Logical “1” Output, (Note 5) 

Receiver Logical “0” Output, (Note 6) 

Input = OV, Input to Logical “1” Output 

Disable. (Note 7) Logical “0” Output 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device canhot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to + 125“C temperature range for the DS7837 and across the 0°C to + 70°C range for 
the DS8837. All typical values are for T^ = 25°C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless othenvise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Fan-out of 10 load, Cload = 15 pF total. Measured from V|n = 1.3V to Vqut = l-SV, V|n = OV to 3V pulse. 

Note 6: Fan-out of 10 load, Cload = 15 pF total. Measured from V|n = 2.3V to Vqut = 1-5V, V|n = OV to 3V pulse. 

Note 7: Fan-out of 10 load, Cload = 15 pF total. Measured from V|n = 1.5V to Vqut = 1-5V, V|fg = OV to 3V pulse. 
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DS7838/DS8838 


National 

Semiconductor 


DS7838/DS8838 Quad Unified Bus Transceiver 


General Description 

The DS7838/DS8838 are quad high speed drivers/receiv- 
ers designed for use in bus organized data transmission 
systems interconnected by terminated 120n impedance 
lines. The external termination is intended to be 180fl resis- 
tor from the bus to the + 5V logic supply together with a 
390n resistor from the bus to ground. The bus can be termi- 
nated at one or both ends. Low bus pin current allows up to 
27 driver/receiver pairs to utilize a common bus. The bus 
loading is unchanged when Vcc = OV. The receivers incor- 
porate hysteresis to greatly enhance bus noise immunity. 
One two-input NOR gate is included to disable all drivers in 
a package simultaneously. Receiver performance is opti- 
mized for systems with bus rise and fall times ^ 1 .0 jxs/V. 


Features 

■ 4 totally separate driver/receiver pairs per package 

■ 1 V typical receiver input hysteresis 

■ Receiver hysteresis independent of receiver output load 

■ Guaranteed minimum bus noise immunity of 1.3V, 2V 
typ. 

■ Temperature-insensitive receiver thresholds track bus 
logic levels 

■ 20 )j,A typical bus terminal current with normal Vcc or 
with Vcc = OV 

■ Open collector driver output allows wire-OR connection 

■ High speed 

■ Series 74 TTL compatible driver and disable inputs and 
receiver outputs 


Typical Application 




Connection Diagram 


Dual-In-Line Package 


BUS1 INI 0UT1 BUS 2 IN 2 OUT 2 DISABLE A 



BUSS INS OUTS BUS4 IN 4 OUT 4 DISABLES GND TL/F/5812-2 

Top View 

Order Number DS7838J, DS8838J, DS8838M or DS8838N 
See NS Package Number J16A, M16A or N16A 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, Maximum Power Dissipation* at 25°C 

contact the National Semiconductor Sales Office/ Cavity Package 

Distributors for availability and specifications. Molded DIP Package 

Supply Voltage 7V SO Package 

Input and Output Voltage 5.5V Operating Temperature Range 

Storage Temperature Range - 65°C to + 1 50°C 

Owo83o 

Lead T emperature, (Soldering, 4 sec.) 260°C 

•Derate cavity package 9.6 mW/°C above 25°C; derate molded DIP package 
10.9 mW/°C above 25°C; derate SO package 8.01 mW/°C above 25”C. 

1433 mW 
1362 mW 
1002 mW 

-55°Cto +125°C 
0°Cto -f-70°C 

Electrical Characteristics 

DS7838/DS8838: The following apply for V^in ^ Vcc ^ Tmin ^ Ta ^ Tmax. unless othenvise specified (Notes 2 and 3) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DRIVER AND DISABLE INPUTS 

V|H 

Logical "1" Input Voltage 


2.0 



V 

V|L 

Logical “0” Input Voltage 




0.8 

V 

l| 

Logical “1” Input Current 

V|N = 5.5V 



1 

mA 

l|H 

Logical “1” Input Current 

V|N = 2.4V 



40 

JU.A 

l|L 

Logical “0” Input Current 

V|N = 0.4V 



-1.6 

mA 

VCL 

Input Diode Clamp Voltage 

Idis = — 12 mA, l|(M = —12 mA, Igus = — 12 mA, 
Ta = 25°C 


-1 

-1.5 

V 

DRIVER OUTPUT/RECEIVER INPUT 

VOLB 

Low Level Bus Voltage 

Vdis = 0.8V. V|N = 2V, Ibus = 50 mA 


0.4 

0.7 

V 

l|HB 

Maximum Bus Current 

V|N = 0.8V, Vbus = 4V, Vcc = V^AX 


20 

100 

fiA 

l|LB 

Maximum Bus Current 

V|N = 0.8V, Vbus ~ 4V, Vcc ov 


2 

100 

fxA 

V|H 

High Level Receiver Threshold 

V|MQ = 0.8V, Iql ~ 16 mA 

DS7838 

1.65 

2.25 

2.65 

V 



Vcc = Max 

DS8838 

1.80 

2.25 

2.50 

V 

V|L 

Low Level Receiver Threshold 

V|ND = 0.8V, Vqh ' —400 ju, A 

DS7838 

0.97 

1.30 

1.63 

V 



Vcc ~ Min 

DS8838 

1.05 

1.30 

1.55 

V 

RECEIVER OUTPUT 

VOH 

Logical “1 ” Output Voltage 

V|N - 0.8V, Vbus 0.5V, Iqh ~ — 400 ja.A 

2.4 



V 

VoL 

Logical “0” Output Voltage 

V|(M - 0.8V, Vbus ~ 4V, Iql — 16 mA 


0.25 

0.4 

V 

los 

Output Short Circuit Current 

Vdis = o.8V, V|n = o.8V, Vbus = o.5V, 
Vqs = OV, Vcc = Vmax. (Note 4) 

-18 


-55 

mA 

Icc 

Supply Current 

Vdis = ov, V|n = 2V, (Per Package) 


50 

70 

mA 
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DS7838/DS8838 


Electrical Characteristics 

DS7838/DS8838; The following apply for Vmin ^ Vcc ^ V^ax, T^in ^ Ta ^ T^ax. unless otherwise specified (Notes 2 and 3) 
(Continued) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

RECEIVER OUTPUT (Continued) 

tpd 

Propagation Delays (Note 8) 
Disable to Bus “1” 

(Note 5) 


19 

30 

ns 


Disable to Bus “0” 

(Note 5) 


15 

23 

ns 


Driver Input to Bus “1” 

(Note 5) 


17 

25 

ns 


Driver Input to Bus "0” 

(Note 5) 


g 

15 

ns 


Bus to Logical “1 ” Receiver Output 

(Note 6) 


20 

30 

ns 


Bus to Logical “0” Receiver Output 

(Note 7) 


18 

30 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The tabie of “Electrical Characteristics” provides conditions for actuai device 
operation. 

Note 2; Unless othenwise specified min/max limits appiy across the -55°C to + 125°C temperature range for the DS7838 and across the 0°C to + 70°C range for 
the DS8838. All typical values are for T^ = 25°C and Vcc = 5V. 

Note 3; All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absoiute value basis. 

Note 4; Only one output at a time should be shorted. 

Note 5: 91 n from bus pin to Vcc 3hd 200fl from bus pin to ground, Cload = 15 pF total. Measured from V|n = 1.5V to Vbus = 1-5V, V|n = OV to 3.0V pulse. 
Note 6: Fan-out of 10 load, Clqad = 15 pF total. Measured from V|n = 1.3V to Vqut = 1-5V, V|n = OV to 3.0V pulse. 

Note 7: Fan-out of 10 load, Cload = 15 pF total. Measured from V|n = 2.3V to Vout = 1-5V, V|n = OV to 3.0V pulse. 

Note 8: These apply for Vcc = 5V, Ta = 25°C unless otherwise speicified. 
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National 
Semiconductor 

DS8T26A/DS8T26AM/DS8T28/DS8T28M 4-Bit 
Bidirectional Bus Transceivers 


General Description 

The DS8T26A, DS8T28 consist of 4 pairs of TRI-STATE® 
logic elements configured as quad bus drivers/receivers 
along with separate buffered receiver enable and driver en- 
able lines. This single 1C quad transceiver design distin- 
guishes the DS8T26A, DS8T28 from conventional multi-IC 
implementations. In addition, the DS8T26A, DS8T28’s ultra 
high speed while driving heavy bus capacitance (300 pF) 
makes these devices particularly suitable for memory sys- 
tems and bidirectional data buses. 

Both the driver and receiver gates have TRI-STATE outputs 
and low current PNP inputs. PNP inputs reduce input load- 
ing to 200 jaA maximum. 


Features 

■ Inverting outputs in the DS8T26A 

■ Non-inverting outputs in the DS8T28 

■ TRI-STATE outputs 

■ Low current PNP inputs 

■ Fast switching times (20 ns) 

■ Advanced Schottky processing 

■ Driver glitch free power up/down 

■ Non-overlapping TRI-STATE 


Logic and Connection Diagrams 

DS8T26A 


DS8T28 




Dual-In-Line Package 



Top View 


Order Number DS8T26AJ, DS8T26AMJ, DS8T28J, 
DS8T28MJ, DS8T26AN or DS8T28N 
See NS Package Number J16A or N16A 


TL/F/5813-3 
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DS8T26A/DS8T26AM/DS8T28/DS8T28M 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1 V to + 5.5V 

Output Currents ±150 mA 

Storage Temperature - 65°C to ± 1 50°C 

Maximum Power Dissipation* at 25‘’C 
Cavity Package 1 509 mW 

Molded Package 1476 mW 

Lead Temperature (Soldering, 4 seconds) 260°C 

•Derate cavity package 10.1 mW/“C above 25°C; derate molded package 
1 1 .8 mW/“C above 25°C. 

Electrical Characteristics (Notes 2, 3 and 4 ) 


Recommended Operating 
Conditions 

Min K 

Supply Voltage (Vcc) 

DS8T26A, DS8T28 4.75 5 

DS8T26AM, DS8T28M 4.5 ! 

Temperature (Ta) 

DS8T26A, DS8T28 0 

DS8T26AM, DS8T28M -55 + 


Symbol 

Parameter 

Conditions 

DRIVER 

l|L 

Low Level Input Current 

V|N = 0.4V 

l|L 

Low Level Input Current (Disabled) 

ViN = 0.4V 

l|H 

High Level Input Current (D|n, Dg) 

V|N = Vcc Max 

VoL 

Low Level Output Voltage 
(Pins 3, 6, 10, 13) 

buT = 48 mA 

VOH 

High Level Output Voltage, 
(Pins 3, 6, 10, 13) 

buT = -10 mA 

los 

Short-Circuit Output Current, 
(Pins 3, 6, 10, 13) 

Vqut = OV, Vcc = 
Vcc Max 

RECEIVER 

l|L 

Low Level Input Current 

V|N = 0.4V 

l|H 

High Level Input Current (Rg) 

V|N = Vcc Max 

VoL 

Low Level Output Voltage 

buT ~ 20 mA 

VOH 

High Level Output Voltage, 

buT - -100 |liA 


(Pins 2,5,11,14) 

buT = — 2 mA 

bs 

Short-Circuit Output Current, 
(Pins 2, 5, 11, 14) 

Vqut = OV, Vcc 
Vcc Max 

BOTH DRIVER AND RECEIVER 

Vtl 

Low Level Input Threshold Voltage 

Vcc ~ Min, V||v| = 0.8V, 
Iql = Max 

Vth 

High Level Input Threshold Voltage 

Vcc = Max, V|N = 0.8V, 
Iqh = Max 

Iqz 

Low Level Output OFF Leakage 
Current 

Vqut = 0.5V 

bz 

High Level Output OFF Leakage 
Current 

Vqut = 2.4V 

V| 

Input Clamp Voltage 

ilN = -12 mA 

be 

Power Supply Current 
DS8T26A 

Vcc = Vcc Max 


DST28 

Vcc = Vcc Max 



Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 

Note 2; Unless othenvise specified, min/max limits apply across the — 55”C to +125'C temperature range for the DS8T26AM, DS8T28M and across the O'C to 
+ 70°C range for the DS8T26A, DS8T28. All typicals are given for Vcc = 5V and Ta = 25°C. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless othenvise specified. 
Note 4: Only one output at a time should be shorted. 
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Switching Characteristics vcc - 

5V, Ta = 25°C 


Symbol 

Parameter 

Conditions 

DS8T26A 

Max 

DS8T28 

Max 

Units 


Propagation Delay 


tON 

□out to Rout. (Figure 1) 

Cl = 30 pF 

14 

17 

ns 

tOFF 

Dqut to Rout. (Figure 1) 


14 

17 

ns 

tON 

DiNto Dq\jx, (Figure 2) 

Cl = 300 pF 

14 

17 

ns 

tOFF 

Din to Dqut. (Figure 2) 


14 

17 

ns 


Data Enable to Data Output 


tpzL 

High Z to 0, (Figure 3) 

Cl = 300 pF 

25 

28 

ns 

tpLZ 

0 to High Z, (Figure 3) 


20 

23 

ns 


Receiver Enable to Receiver Output 


tpzL 

High Z to 0, (Figure 4) 

Cl = 30 pF 

20 

23 

ns 

tPLZ 

0 to High Z, (Figure 4) 


15 

18 

ns 



AC Test Circuits and Switching Time Waveforms 



TL/F/5813-4 

FIGURE 1. Propagation Delay (Dqut to Rqut) 



TL/F/5813-7 

FIGURE 2. Propagation Delay (D|n to Dqut) 
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AC Test Circuits and Switching Time Waveforms (Continued) 



TL/F/5813-10 

FIGURE 3. Propagation Delay (Data Enable to Data Output) 



TL/F/S813-13 

FIGURE 4. Propagation Delay (Recelve/Enable to Receive Output) 
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National 
Semiconductor 


Peripheral/Power Drivers 


Peripheral/power drivers is a broad definition given to inter- 
face power devices. The devices generally have open-col- 
lector output transistors that can switch hundreds of milli- 
amps at high voltage and are driven by standard logic gates. 
They serve many applications including relay drivers, printer 
hammer drivers, lamp drivers, bus drivers, core memory 
drivers, voltage level translators, stepper motor drivers and 
solenoid drivers. 

Unlike standard logic devices, peripheral drivers have many 
varied load situations depending on the application. This re- 
quires the design engineer to interpret device specifications 
in greater detail. Designers at National Semiconductor have 
incorporated many technically advanced and useful fea- 
tures into their broad line of peripheral driver devices. 


Some of these features include: 

■ Short circuit protection at individual outputs 

■ Glitch-free power up/down 

■ Fail-safe operation 

■ Inductive fly-back protection 

■ Negative transient protection 

■ High input impedance for CMOS/NMOS compatibility 
For further information on National Semiconductor’s broad 
line of peripheral drivers, refer to the selection guide to fol- 
low and application notes within this section. 


Peripheral/Power Drivers 




Peripheral/Power Drivers 


PERIPHERAL/POWER DRIVERS 


Device Number and 
Temperature Range 

Drivers/ 

Package 

Logic Function 
(Driver On) 

Input 

Compatibility 

(Logic) 

Output High 
Voltage (V) 

Latch-Up 
Voltage 
(Note 3) (V) 

Output Low 
Voltage (V) 

Output Low 
Current (mA) 

Propagation 
Delay 
Typ (ns) 

On Power 
Supply 
Current (mA) 

Page 

No. 

0°Cto +70°C 

-55°Cto +125°C 

DP8310 

DP7310 

8 

(Note 5) 

TTL 

30 


0.5 

100 

40 

152 

3-5 

DP831 1 

DP7311 

8 

(Note 6) 

TTL 

30 


0.5 

100 

40 

125 

3-5 

DS2001C 


7 

NAND 

TTL 

50 


1.6 

350 

5000 


3-65 

JU.A9665C 











3-65 

DS2002C 

DS2002M 

7 

NAND 

PMOS 

50 


1.6 

350 

5000 


3-65 

ftA9666C 

)liA9666M 










3-65 

DS2003C 

DS2003M 

7 

NAND 

TTL/CMOS 

50 


1.6 

350 

5000 


3-65 

JLIA9667C 

ju,A9667M 










3-65 

DS2004C 

DS2004M 

7 

NAND 

CMOS/PMOS 

50 


1.6 

350 

5000 


3-65 

jliA9668C 

ju,A9668M 










3-65 

DS3631 

DS1631 

2 

AND 

CMOS 

56 

40 

1.4 

300 

150 

8 

3-12 

DS3632 

DS1632 

2 

NAND 

CMOS 

56 

40 

1.4 

300 

150 

8 

3-12 

DS3633 

DS1633 

2 

OR 

CMOS 

56 

40 

1.4 

300 

150 

8 

3-12 

DS3634 

DS1634 

2 

NOR 

CMOS 

56 

40 

1.4 

300 

150 

8 

3-12 

DS3654 


10 

(Note 2) 

(Note 2) 

(Note 1) 

45 

1.6 

250 

1000 

70 

3-17 

DS3656 


4 

NAND 

TTL/LS 

65 

30 

1.5 

600 


65 

3-21 

DS3658 


4 

NAND 

TTL/LS 

70 

35 

0.7 

600 

2430 

65 

3-23 

DS3668 


4 

NAND 

TTL/LS 

70 

(Note 7) 

1.5 

600 

2000 

80 

3-26 

DS3669 


4 

AND 

TTL/LS 

70 

35 

0.7 

600 


65 

3-29 

DS3680 


4 

(Note 4) 

TTL/CMOS 

-2.1 

-60 

-60 

-50 

10,000 

4.4 

3-32 

DS3686 


2 

NAND 

TTL/CMOS 

(Note 1) 

56 

1.3 

300 

1000 

28 

3-35 

DS3687 

DS1687 

2 

NAND 

TTL/CMOS 

(Note 1) 

-56 

-1.3 

300 

1000 

2.8 

3-38 

DS75450 


2 

AND 

TTL 

30 

20 

0.7 

300 

31 

55 

3-41 

DS75451 

DS55451 

2 

AND 

TTL 

30 

20 

0.7 

300 

31 

55 

3-41 

DS75452 

DS55452 

2 

NAND 

TTL 

30 

20 

0.7 

300 

31 

55 

3-41 

DS75453 

DS55453 

2 

OR 

TTL 

30 

20 

0.7 

300 

31 

55 

3-41 

DS75454 

DS55454 

2 

NOR 

TTL 

30 

20 

0.7 

300 

31 

55 

3-41 

DS75461 

DS55461 

2 

AND 

TTL 

35 


0.7 

300 

33 

55 

3-57 

DS75462 

DS55462 

2 

NAND 

TTL 

35 


0.7 

300 

33 

55 

3-57 

DS75463 

DS55463 

2 

OR 

TTL 

35 

30 

0.7 

300 

33 

55 

3-57 

DS75464 

DS55464 

2 

NOR 

TTL 

35 

30 

0.7 

300 

33 

55 

3-57 

MM74C908, 


2 

AND 

CMOS 

13.5 

15 

CO 

1 

o 

o 

> 

300 

150 

0.015 

CMOS 

MM74C918 











CMOS 


Note 1: The DS3686, DS3687 and DS3654 contain an internal inductive fly-back clamp circuit connected from the output to ground. As an example, DS3686 driving a relay solenoid connected to 28V would clamp the output voltage fly- 
back transient at 56V caused by the solenoid's stored inductive current. This clamp protects the circuit output and quenches the fly-back. 


Note 2: The DS3654 is a 1 0-bit shift register followed by 1 0 enabled drivers. The input circuit is equivalent to a 4k resistor to ground, and the logic input thresholds are 2,8V and 0.8V. The recommended power supply voltage is 7.5V to 
9.5V. The circuit can be cascaded to be a 20 or 30-bit shift register. 

Note 3: Latch-up voltage is the maximum voltage the output can sustain when switching an inductive load. 

Note 4: DS3680 has a differential input circuit. 

Note 5: DS8310 inverting, positive edge latching. 

Note 6: DS831 1 inverting, fall through latch. 

Note 7: DS3668 35V, latch-up with output fault protection. 






























































National 

Semiconductor 


DP7310/DP8310/DP7311/DP8311 Octal Latched 
Peripheral Drivers 


General Description 

The DP731 0/8310, DP731 1/8311 Octal Latched Peripheral 
Drivers provide the function of latching eight bits of data 
with open collector outputs, each driving up to 100 mA DC 
with an operating voltage range of 30V. Both devices are 
designed for low input currents, high input/output voltages, 
and feature a power up clear (outputs off) function. 

The DP73 10/8310 are positive edge latching. Two active 
low write/enable inputs are available for convenient data 
bussing without external gating. 

The DP731 1 /831 1 are positive edge latches. The active low 
strobe input latches data or allows fall through operation 
when held at logic "0”. The latches are cleared (outputs off) 
with a logic “0” on the clear pin. 

Features 

■ High current, high voltage open collector outputs 

■ Low current, high voltage inputs 


■ All outputs simultaneously sink rated current “DC” with 
no thermal derating at maximum rated temperature 

■ Parallel latching or buffering 

■ Separate active low enables for easy data bussing 

■ Internal “glitch free” power up clear 

■ 10% Vcc tolerance 

Applications 

■ High current high voltage drivers 

■ Relay drivers 

■ Lamp drivers 

■ LED drivers 

■ TRIAD drivers 

■ Solenoid drivers 

■ Stepper motor drivers 

■ Level translators 

H Fiber-optic LED drivers 


Connection Diagrams 

DuaMn*Line Package 


WEl • 
0l4 • 
Dl3 ■ 
Dl2 • 
Dh ■ 
D0l ' 
002 ' 

003 

004 


Top View 


Dual-ln-Line Package 


1 


20 

— Vcc 

CLR 

1 

■XT" 

20 

2 


19 

— WE2 

0l4 

2 


19 

3 


18 

— DIs 

013 

3 


18 

4 


17 

— 0l6 

0l2 

4 


17 

5 

0P7310/ 

16 

017 

Oh 

5 

DP7311/ 

16 

6 

0P8310 

15 

OlB 

00l 

6 

DP8311 

15 

7 


14 

OOa 

002 

7 


14 

8 


13 

007 

003 

8 


13 

9 


12 

006 

004 

9 


12 

10 


11 

005 

GNO — 

10 


11 


Top View 


Order Number DP7310J, DP731 1J, 
DP8310J, DP8311J, DP8310N 
or DP8311N 

See NS Package Number J20A or N20A 


DP7310/DP7311/DP8310/DP8311 






DP7310/DP731 1/DP8310/DP831 1 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7.0V 

Input Voltage 35V 

Output Voltage 35V 

Maximum Power Dissipation* at 25°C 
Cavity Package 1821 mW 

DP8310/DP8311 2005 mW 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, 4 sec.) 260°C 

•Derate cavity package 12.1 mW/°C above 25°C; derate molded package 

16.0 mW/'C above 25°C. 


Operating Conditions 

Min 

Supply Voltage (Vcc) 4.5 

Temperature 

DP7310/DP7311 -55 

DP8310/DP8311 0 

Input Voltage 
Output Voltage 


DC Electrical Characteristics dp73io/dp83io, dp73ii/dp83h (Notes2and3) 



Symbol 


V|H I Logical “1” Input Voltage 


V|L Logical“0” Input Voltage 


Vql Logical “0” Output Voltage 

DP7310/DP7311 

DP8310/DP8311 


Logical “1” Output Current 


DP7310/DP7311 

DP8310/DP8311 


Logical “1" Input Current 


Input Current at Maximum Input 
Voltage 


Logical “0" Input Current 


Input Clamp Voltage 


Supply Current, Outputs On 


DP7310 
DP8310 
DP7311 
DP831 1 


Supply Current, Outputs Off 


DP7310 

DP8310 

DP7311 

DP8311 


Conditions 




Data outputs latched to 
logical “0”, Vcc = M>ri. 
Iql = 75 mA 
•OL = 100 m A 


Data outputs latched to 
logical “1”, Vcc = Min. 
VoH = 25V 
VoH = 30V 


V|H = 2.7V. Vcc = Max 


V|N = 30V, Vcc = Max 


V|N = 0.4V, Vcc = Max 


I|N = 12 mA 


Data outputs latched to a 
logical “0”. All Inputs are 
at logical “1", Vcc = Max. 


Data outputs latched to a 
logic “1”. Other 
conditions same as Icco- 





























































AC Electrical Characteristics dp73io/dp83io:Vcc = 4.5v,ta = -55°cto + i25°c 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpdO 

High to Low Propagation Delay 
Write Enable Input to Output 

(Figure 1) 


40 

120 

ns 

tpd1 

Low to High Propagation Delay 
Write Enable Input to Output 

(Figure 1) 


70 

150 

ns 

tSETUP 

Minimum Set-Up Time 
Data in to Write Enable Input 

^HOLD = 0 ns 
(Figure 1) 

45 

20 


ns 

tpWH. 

tpWL 

Minimum Write Enable Pulse 
Width 

(Figure 1) 

60 

25 


ns 

tlHL 

High to Low Output T ransition Time 

(Figure 1) 


16 

35 

ns 

tTLH 

Low to High Output Transition Time 

(Figure 1) 


38 

70 

ns 

C|N 

“N” Package (Note 4) 



5 

15 

PF 

AC Electrical Characteristics dp73ii/dp83ii:Vcc = sv.ta = 2 s°c 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpdO 

High to Low Propagation Delay 
Data In to Output 

(Figure 2) 


30 

60 

ns 

*pd1 

Low to High Propagation Delay 
Data to Output 

(Figure 2) 

70 

100 


ns 

tSETUP 

Minimum Set-Up Time 
Data in to Strobe Input 

tHOLD = 0 ns 
(Figure 2) 

0 

-25 


ns 

tpWL 

Minimum Strobe Enable Pulse Width 

(Figure 2) 

60 

35 


ns 

tpdC 

Propagation Delay Clear to Data Output 

(Figure 2) 


70 

135 

ns 

tpWC 

Minimum Clear Input Pulse Width 

(Figure 2) 

60 

25 


ns 

tTHL 

High to Low Output Transition Time 

(Figure 2) 


20 

35 

ns 

tlLH 

Low to High Output Transition Time 

(Figure 2) 


38 

60 

ns 

C|N 

Input Capacitance — Any Input 

(Note 4) 


5 

15 

pF 

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless othenwise specified min/max limits apply across the -55”C to +125”C temperature range for the DP7310/DP7311 and across the 0°C to +70°C 
for the DP8310/DP831 1. All typical values are for T^ =25”C, Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 

Note 4: Input capacitance is guaranteed by periodic testing. fjEST = 10 kHz at 300 mV, T* = 25'C. 
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DP7310/DP731 1/DP8310/DP831 1 



















































































































DP7310/DP731 1/DP8310/DP831 1 




Logic Table 


DP7310/DP8310 

Write 

Write 

Data 

Data 

Enable 1 

Enable 2 

Input 

Output 

WEi 

WE2 

DIi-8 

DOl -8 

0 

0 

X 

Q 

0 


0 

1 

0 

_)T 

1 

0 


0 

0 

1 

_>r 

0 

1 

0 

0 

1 

X 

Q 

1 

0 

X 

Q 

1 

1 

X 

Q 


Block Diagrams 


I 


DP7311/DP8311 

Clear 

Strobe 

Data 

Input 

DIi-8 

Data 

Output 

DOi.8 

CLR 

STR 

1 

1 

X 

Q 

1 

0 

0 

1 

1 

0 

1 

0 

0 

X 

X 

1 




X = Don’t Care 
1 = Outputs Off 
0 = Outputs On 
Q = Pre-existing Output 
^ = Positive Edge Transition 


DP7310/DP8310 



WRITE ENABLE 1 

(WR) 

WRITE ENABLE 2 
(WE2) 



DATA OUT 1 
(DOl) 


DATA OUT 2 
(D02) 


DATA OUT 8 
( 008 ) 


DP7311/DP8311 




DATA OUT 1 
(ODD 


DATA OUT 2 
( 002 ) 


DATA OUT 8 
( 008 ) 
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Switching Time Waveforms 


DP7310/DP8310 



TL/F/5246-5 


DP7311/DP8311 



TL/F/5246-6 


Switching Time Test Circuits 


5V 



TL/F/5246-7 

•WE, = OV When the Input = WE 2 


5V 



TL/F/5246-8 

Pulse Generator Characteristics: 

Zo = 50n. tr = t| = 5 ns 


FIGURE 1. DP7310/DP8310 


FIGURE 2. DP731 1/DP831 1 



Typical Applications DP8310/1 1 Buffering High Current Device (Notes 1 and 2) 




Eight Output/Four Output Fiber Optic LED Driver 

DP8311 100 mA Drivers DP8311 Paraiiei Outputs (200 mA) Drivers* 

v+ v+ 



TL/F/5246-14 
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DP7310/DP731 1/DP8310/DP831 1 









DS1 63 1 /DS1 632/DS1 633/DS 1 634/DS363 1 /DS3632/DS3633/DS3634 


National 

Semiconductor 

DS1631/DS3631/DS1632/DS3632/DS1633/DS3633/ 
DS1634/DS3634 CMOS Dual Peripheral Drivers 


General Description 

The DS1631 series of dual peripheral drivers was designed 
to be a universal set of interface components for CMOS 
circuits. 

Each circuit has CMOS compatible inputs with thresholds 
that track as a function of Vcc (approximately Vcc)- The 
inputs are PNPs providing the high impedance necessary 
for interfacing with CMOS. 

Outputs have high voltage capability, minimum breakdown 
voltage is 56V at 250 jaA. 

The outputs are Darlington connected transistors. This al- 
lows high current operation (300 mA max) at low internal 
Vcc current levels since base drive for the output transistor 
is obtained from the load in proportion to the required load- 
ing conditions. This is essential in order to minimize loading 
on the CMOS logic supply. 

Typical Vcc = 5V power is 28 mW with both outputs ON. 
Vcc operating range is 4.5V to 15V. 

The circuit also features output transistor protection if the 
Vcc supply is lost by forcing the output into the high impe- 


dance OFF state with the same breakdown levels as when 
Vcc was applied. 

Pin-outs are the same as the respective logic functions 
found in the following popular series of circuits: DS75451, 
DS75461 . This feature allows direct conversion of present 
systems to the MM74C CMOS family and DS1631 series 
circuits with great power savings. 

The DS1631 series is also TTL compatible at Vcc 5V. 

Features 

■ CMOS compatible inputs 

■ High impedance inputs PNP’s 

■ High output voltage breakdown 56V min 

■ High output current capability 300 mA max 

■ Same pin-outs and logic functions as DS75451 and 
DS75461 series circuits 

■ Low Vcc power dissipation (28 mW both outputs “ON” 
at 5V) 


Connection Diagrams (Dual-ln-Line and Metal Can Packages) 


I h It 


I. I. It 


It It It 


Vcc B2 A2 X2 

II 



I' V 1^ 

A1 B1 XI QHD 


M 2 3 « 


r p V . 

A1 XI GND 


Top View Top View Top View Top View 

Order Number DS1631J-8, Order Number DS1632J-8, Order Number DS1633J-8, Order Number DS1634J-8, 
DS3631J-8orDS3631N DS3632J-8 or DS3632N DS3633J-8 or DS3633N DS3634J-8 or DS3634N 

See NS Package Number J08A or N08E 






TL/F/5816-5 TL/F/5816-6 TL/F/5816-7 TL/F/5816-8 

Top View Top View Top View Top View 

(Pin 4 is eiectricaliy connected to the (pjn 4 is eiectricaliy connected to the (Pin 4 is electricaily connected to the (Pin 4 is electrically connected to the 
case.) case.) case.) case.) 

Order Number Order Number Order Number Order Number 

DS1631HorDS3631H DS1632H or DS3632H DS1633H or DS3633H DS1634H or DS3634H 

See NS Package Number H08C 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Saies Office/ 
Distributors for availabiiity and specifications. 

Supply Voltage 16V 

Voltage at Inputs -0.3V to Vcc + 0.3V 

Output Voltage 56V 

Storage T emperature Range - 65°C to + 1 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 1 33 mW 

Molded Package 1022 mW 

TO-5 Package 787 mW 

Lead Temperature (Soldering, 4 sec. 260°C 

'Derate cavity package 7.6 mW/°C above 25”C; derate molded package 
8.2 mW/"C above 25”C; derate TO-5 package 5.2 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 


Supply Voltage, Vcc 

Min 

Max 

Units 

DS1631/DS1632/ 

DS1633/DS1634 

4.5 

15 

V 

DS3631/DS3632/ 

DS3633/DS3634 

Temperature, Ta 

4.75 

15 

V 

DS1631/DS1632/ 

DS1633/DS1634 

-55 

+ 125 

°c 

DS3631/DS3632/ 

0 

+ 70 

°c 


DS3633/DS3634 


Symboi 

Parameter 

Conditions 


Typ 

Max 

Units 

ALL CIRCUiTS 

V|H 

Logical “1" Input Voltage 

(Figure 1) 

> 

If) 

II 

o 

■> 


2.5 


V 

Vcc = 10V 

in 

5 


V 

Vcc= 15V 




V 

V|L 

Logical “0” Input Voltage 

(Figure 1) 

> 

If) 

II 

o 

o 

> 


2.5 

1.5 

V 

Vcc = 10V 


5.5 

2.0 

V 

Vcc= 15V 



2.5 

V 

l|H 

Logical “1” Input Current 

Vcc = 15V, V|N = 15V. (Figure 2) 


0.1 

10 

mA 

l|L 

Logical “0" Input Current 

V|f\| = 0.4V, (Figure 3) 

> 

10 

11 

o 

o 

> 


-50 

-120 

fiA 

Vcc= 15V 


-200 

-360 

juA 

Vqh 

Output Breakdown Voltage 

Vcc = 15V, loH = 250 p.A, (Figure 1) 

m 

65 


V 

VoL 

Output Low Voltage 

Vcc = Min, (Figure 1), 
DS1631, DS1632, 
DS1633, DS1634 

•OL = 100 mA 


0.85 

1.1 

V 

Iql = 300 mA 


1.1 

1.4 

V 

Vcc = Min, (Figure /), 
DS3631, DS3632, 
DS3633, DS3634 

Iql =100 mA 


0.85 

1.0 

V 

Iql = 300 mA 


1.1 

1.3 

V 

DS1631/DS3631 

■cc( 0 ) 

Supply Currents 

V|M = OV, (Figure 4) 

Vcc = 5V Output Low 


7 

11 

mA 

Vcc = 1 5V Both Drivers 


14 

20 

mA 


■cc(l) 


(Figure 4) 

Vcc = 5V. V|N = 5V 

Output High 
Both Drivers 


2 

3 

mA 

Vcc= 15V. V|N = 15V 


wza 

10 

mA 

tpDl 

Propagation to “1” 

Vcc = 5V, Ta = 25’C, Cl = 15 pF, Rl = 50n, Vl = 10 V, 
(Figure 5) 


500 


ns 

IPDO 

Propagation to “0” 

Vcc = 5V, Ta = 25'C. Cl = 15 pF. Rl = 5on. Vl = lov, 
(Figure 5) 


750 


ns 


DS1632/DS3632 


ICC(O) 

Supply Currents 

(Figure 4) 

Vcc = 

5V. V|N = 5V 

Output Low 


8 

12 

mA 




Vcc = 

15V, V|N = 15V 


18 

23 

mA 


■cc(l) 


V|N = OV, (Figure 4) 

Vcc = 5V 
Vcc= 15V 

Output High 

tpDl 

Propagation to “1” 

Vcc = 5V, Ta = 25°C, Cl = 15 pF, Rl = 50a, Vl = 10V, 
(Figure 5) 

tpDO 

Propagation to “0” 

Vcc = 5V, Ta = 25°C, Cl = 15 pF, Rl = 50n. Vl = 10V, 


(Figure 5) 


2.5 3.5 


9 14 


500 


750 


mA 

mA 


ns 


ns 
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Electrical Characteristics (Notes 2 and 3) (Continued) 


Symbol 

Parameter 

Conditions 

Min 1 

Typ 1 

Max 

Units 

DS1633/DS3633 | 

lcC(O) 

Supply Currents 

V|N = OV, {Figure 4) 

> 

in 

II 

o 

o 

> 

Output Low 


IZl 

12 

mA 

Vcc = 15V 


16 

23 

mA 

lcc( 1 ) 


{Figure 4) 

Vcc = 5V. V|N = 5V 

Output High 


2 

4 

mA 

Vcc = 15V, ViN = 15V 


wa 

15 

mA 

tpDI 

Propagation to “1” 

Vcc = 5V, Ta = 25°c. Cl = 15 pF, Rl = son, Vl = 10 V, 
{Figure 5) 


500 


ns 

tpDO 

Propagation to “0” 

Vcc = 5V, Ta = 25°c, Cl = 15 pF, Rl = son, Vl = 10 V, 
{Figure 5) 


750 


ns 

DS1634/DS3634 

lcC(O) 

Supply Currents 

{Figure 4) 

Vcc = 5V, V|N = 5V 

Output Low 


wa 

'12 

mA 

Vcc = 15V, V|N = 15V 


18 

23 

mA 

lcc( 1 ) 


V|N = OV, {Figure 4) 

< 

o 

o 

11 

ut 

< 

Output High 


3 

5 

mA 

< 

o 

0 

II 

01 
< 


11 

18 

mA 

tpD1 

Propagation to “1” 

Vcc = 5V, Ta = 25°c, Cl = 15 pF, Rl = son, Vl = lov, 
{Figure 5) 


500 


ns 

tpDO 

Propagation to “0” 

Vcc = 5V, Ta = 25°c, Cl = 15 pF, Rl = son, Vl = lOV, 
{Figure 5) 


750 


ns 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to impiy that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for acfuai device 
operation. 


Note 2: Unless otherwise specified min/max iimits appiy across the -55“C to +125°C temperature range for the DS1631, DS1632, DS1633 and DS1634 and 
across the 0°C to +70°C range for the DS3631, DS3632, DS3633 and DS3634. Ali typicai vaiues are for Ta = 25°C. 

Note 3: Ail currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Test Circuits 


Vcc 



Circuit 

Input 

Under 

Test 

Other 

Input 

Output 

Apply 

Measure 

DS3631 

V|H 

V|H 

Iqh 

Vqh 


V|L 

Vcc 

Iql 

VoL 

DS3632 

V|H 

V|H 

Iql 

Vql 


V|L 

Vcc 

Iqh 

Vqh 

DS3633 

V|H 

GND 

Iqh 

Vqh 


V|L 

V|L 

Iql 

Vql 

DS3634 

V|H 

GND 

Iql 

Vql 


V|L 

V|L 

Iqh 

Vqh 


Note: Each input is tested separately. 

FIGURE 1.V,h,V,u,Voh,Vol 


TL/F/5816-9 
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Test Circuits (Continued) 


CIRCUIT I Y 
UNDER |-~0PEN 
B,A test 


Each input Is tested separately. 

FIGURE 2. I|H 


SEE A, B 

NOTES 


I CIRCUIT Y 

, UNDER L-OPEN 

B,A TEST I 


Note A: Each input Is tested separately. 

Note B: When testing DS1633 and DS1634 input not under test is grounded. 
For all other circuits it is at Vcc- 

FIGURE 3. I|L 


Vcc 

I? 

'rilt-J: 




Both gates are tested simultaneously. 

FIGURE 4. Ice for AND and NAND Circuits 


Schematic Diagram (Equivalent Circuit) 




1/2 of circuit shown 
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DS1631/DS1632/DS1633/DS1634/DS3631/DS3632/DS3633/DS3634 



DS 1 63 1 /DS 1 632/DS 1 633/DS1 634/DS363 1 /DS3632/DS3633/DS3634 


Switching Time Waveforms 


PULSE 

GENERATOR 

(NOTED 


INPUT 5.0V 

0 


1 


I 1 

DS3631, 

0S3632 


DS3633, 

OS3634 

I 


ov 


Vcc = BV 


Rl =50 


-O OUTPUT 


CIRCUIT 

UNDER 

TEST 


Cl = 15pF 
(NOTE 2) 


TL/F/5816-13 



TL/F/5816-14 

Note 1: The pulse generator has the following characteristics: PRR = 500 kHz, ZoUT ~ BOfl 
Note 2: Cl includes probe and jig capacitance 

FIGURE 5. Switching Times 
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National 

Semiconductor 


DS3654 Printer Solenoid Driver 



General Description 

The DS3654 is a serial-to-parallel 10-bit shift register with a 
clock and data input, a data output from the tenth bit. and 
10 open-collector clamped relay driver outputs suitable for 
driving printer solenoids. 

Timing for the circuit is shown in Figure 1. Data input is 
sampled on the positive clock edge. Data output changes 


on the negative clock edge, and is always active. Enable 
transfers data from the shift register to the open-collector 
outputs. Internal circuitry inhibits output enable for power 
supply voltage less than 6V. 

Each output sinks 250 mA and is internally clamped to 
ground at 50V to dissipate energy stored in inductive loads. 



Pin Descriptions 


Pin No. 

Function 

1 

Output Enable 

2 

Output 6 

3 

Output 7 

4 

Output 8 

5 

Output 9 

6 

Output 10 

7 

Data Output 

8 

Ground 

9 

Clock Input 

10 

Data Input 

11 

Output 1 

12 

Output 2 

13 

Output 3 

14 

Output 4 

15 

Output 5 

16 

Vcc 


Logic Diagram 




3-17 


DS3654 





Absolute Maximum Ratings (Notei) 


If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Sales Office/ 

Maximum Power Dissipation* at 25°C 
Cavity Package 


1635 mW 

Distributors for availability and specifications. 

Molded Package 


1687 mW 

Supply Voltage, Vqc 

9.5V Max 

Lead Temperature (Soldering, 4 seconds) 


260°C 

Input Voltage 

-0.5V Min. 9.5V Max 

•Derate cavity package 10.9 mW/°C above 25°C; derate molded package 

Output Supply, Vp-p 
Storage Temperature Range 
Output Current (Single Output) 

45V Max 
-65°Cto -l-150°C 
0.4A 

13.5 mW/“C above 25°C. 

Operating Conditions 

Min 

Max 

Units 

Ground Current 

4.0A 

Supply Voltage (Vcc) 7.5 

9.5 

V 

Peak Power Dissipation t < 10 ms. 


Temperature (Ta) 0 

-1-70 

°C 

Duty Cycle < 5% 

4.5W Max 

Output Supply (Vp-p) 

40 

V 


Electrical Characteristics (Notes 2, 3 and 4) Vp-p = 30V unless otherwise noted 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Logical “1” Input Voltage 


2.6 



V 

Logical “0” Input Voltage 




0.8 

V 

Logical “1” Output Voltage Clamp 

■clamp = 0.1A, Ven = OV 

45 

50 

65 

V 

Logical “1 ” Output Current 

VoH = 40V, Ven = ov 



1.0 

mA 

Logical “0” Output Current 

Iql = 250 mA, Ven = 2.6V 



1.6 

V 

Logical “1” Input Current 


■1 

m 



Clock 

Ta = 70°C, VcL = 2.6V 




mA 

Enable 

Ta = 70°c, Ven = 2 . 6 V 




mA 

Data 

Ta = 70°C, Vq = 2.6V 

0.3 

0.57 


mA 

Clock 

Ta = 0°c, VcL = 2.6V 


0.33 


mA 

Enable 

Ta = o°c, Ven = 2.6V 


0,33 


mA 

Data 

Ta = 0°C, Vd = 2.6V 


0.57 

0.75 

mA 

Logical “0” Input Current 






Clock 

Ta = 70°C, VcL = 1V 


125 


jaA 

Enable 

Ta = 70°c,Ven = 1V 


125 


jaA 

Data 

Ta = 70°c,Vd = 1V 


220 


fiA 

Input Pull-Down Resistance 






Ciock 

Ta = 25°C, VcL < Vcc 


8 


kil 

Enable 

Ta = 25°c, Ven < Vcc 


8 


kn 

Data 

Ta = 25*c, Vd < Vcc 


4.5 


kfl 

Supply Current (Icc) 






Outputs Disabled 

Ta ^ 25°c, Ven = ov, Vdo = ov, 
Vcc = 9.5V 


27 

40 

mA 

Outputs Enabled 

Ta ^ 25°C, Ven = 2.6V, Iql = 250 mA 
Each Bit 


55 

70 

mA 

Data Output Low (Vqql) 

Vd = ov, Iql = ov 


0.01 

0.5 

V 

Data Output High (Vdoh) 

Vd = 2.6V, loH = -0.75 mA 

2.6 

3.4 


V 

Data Output Pull-Down Resistance 

> 

II 

o 

D 

> 

> 

o 

II 

o 

> 


14 


kfl 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
shouid be operated at these iimits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Uniess otherwise specified, min/max iimits appiy across the 0”C to +70'C temperature range and the 7.5V to 9.5V power supply range. All typical values 
given are for Vcc = 8-5V and T/v = 25°C. 

Note 3: Ali currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 
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Switching Characteristics 0°C to + 70°C, Ta = 25°C, nominal power supplies unless othenvise noted 


Clk, Data and Enable Inputs 
tpc 
tRC 
tCLK 
tCLK 
tHOLD 
tSET-UP 
tRE.tRDIN 
tpE. tpD IN 


Output 1-10 
tRO 
tpo 


Data Output 
tPDH. tPDL 
tRD 
tPD 


Clock to Enable Delay 
tCE 


Enable to Clock Delay 


(Figure 1) 
teiT s 10 jLis 


Vp-p = 20V 

Rl = lOOn.CL < 100 pF 
Rl = loon.CL < 100 pF 


Rl = 5 kn, Cl ^ io pF 
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DS3654 


Definition of Terms 

Vp-p: Output power supply voltage. The return for open-col- 
lector relay driver outputs. 

Ibit: Period of the incoming clock. 

VcLK= The voltage at the clock input. 
tcLK= The portion of teij when Vclk ^ 2.6V 


tcLK- The portion of ten when Vqlk ^ 0-8V 
tsET-UP- The time prior to the end of tcLK required to insure 
valid data at the shift register input for subsequent clock 
transitions. 

tHOLD^ The time following the start of tcLK required to trans- 
fer data within the shift register. 
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National 

Semiconductor 


DS3656 Quad Peripheral Driver 

General Description 

The DS3656 is a quad peripheral driver designed for use in 
automotive applications. Logically it is an open collector 
NAND function with all inputs compatible with 74LS and 
CMOS series products. An enable input is provided that is 
common to each driver. When taken to a logic zero level all 
outputs will turn off. Also, overvoltage is detected. 

The DS3656 has features associated with the output struc- 
ture that make it highly versatile to many applications. Each 
output is capable of 600 mA sink currents and offers 65V 
standoff voltage in non-inductive applications. A clamp net- 
work capable of handling 800 mA is incorporated in each 
output which eliminates the need of an external network to 
quench the high voltage backswing caused when switching 
inductive loads up to 30V (reference AN-213). 

The DS3656 is intended to operate from a 12V automotive 
battery. Internal to the device is its own voltage regulator 
which permits the device to operate during the wide voltage 
variation seen in many automotive applications. An over- 
voltage-protection circuit is incorporated that will cause the 
outputs to turn off when the supply exceeds 30V. The circuit 
is designed to withstand worst case fault conditions that 
occur in automotive applications, such as high voltage tran- 

Connection Diagram 

Dual-ln-Line Package 

IN A IN B EN GNO GNO Vcc IN C IN D 





OUT A CLAMP 1 OUTB GND GNO OUT C CUMP2 OUT 0 


TL/F/5818-1 

Top View 

Order Number DS3656N 
See NS Package Number N16A 

Truth Table 



H = High level L = Low level X = Irrelevant 


sients and reverse battery connection. In this type of envi- 
ronment an external 100ft resistor must be connected in 
series with the Vcc line. 

The molded package is specifically constructed to allow in- 
creased power dissipation over conventional packages. The 
four ground pins are directly connected to the device chip 
with a special copper lead frame. When the quad driver is 
soldered into a copper PC board the power rating of the 
device wili significantly improve. 

Features 

■ Quad automotive peripheral driver 

■ 600 mA output current capability 

■ High voltage outputs — 65V 

■ Clamp diode provided for inductive loads 

■ Built in regulator 

■ Overvoltage failsafe 

■ TTL/LS/CMOS compatible diode clamped inputs 

■ High power dissipation package 

■ Guaranteed to withstand worst case fault conditions 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Saies Office/ 
Distributors for avaiiability and specifications. 

Supply Voltage, Vqc (Note 2) 65V 

Input Voltage 7V 

Output Voltage 65V 

Continuous Output Current 1.2A 

Junction Temperature 150°C 

Thermal Resistance (Junction to Ambient) 

DS3656N Plugged in a Socket 60°C/W 

DS3656N Soldered in a PC Board 35°C/W 

DS3656N Soldered in a PC Board 
with 6 in2 Cn Foil 20°C/W 

Lead Temperature (Soldering, 4 seconds) 260°C 


Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 

Min Max Units 

Supply Voltage, Vcc 10.5 17.0 V 

Temperature -40 105 °C 


Symbol 

Parameter 

Conditions 

I 

Min 

Max 

Units 

Vcc 

Power Supply Voltage 


10.5 

17 

V 

>cc 

Power Supply Current 



65 

mA 

V|H 

High Level Input Voltage 


2.0 


V 

V|L 

Low Level Input Voltage 



0.8 

V 

l|H 

High Level Input Current 

V,N = 2.7V 


20 

JU.A 

l|L 

Low Level Input Current 

V|N = 0.4V 


-360 

jaA 

V|CL 

Input Clamp Voltage 

•in = -10 mA 


-1.5 

V 

VoL 

Low Level Output Voltage 

it = 600 mA, Vcc = 10.5V 


1.5 

V 

lOH 

High Level Leakage Current , 

VoH = 65V 


1.0 

mA 

Vf 

Output Diode Forward Voltage 

Ip = 800 mA 


2.5 

V 

>R 

Output Diode Reverse Leakage 

Vr = 65V 


1.0 

mA 

Bvcer 

Vom Switching Capacitive or Resistive Load 



65 

V 

Lvceo 

Vqh2 Switching Inductive Clamped Load 



30 

V 


Switching Characteristics vcc = i3.2v,ta = 25°c 


Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

IPLH 

Propagation Delay Time 
Low to High Level Output 

Vcc = 13-2V, Rl = 30n, Cl = 15 pF 


10 

IXS 

tpHL 

Propagation Delay Time 
High to Low Level Output 

Vcc = 13-2V, Rl = 30n, Cl = 15 pF 


10 

fXS 

Itlh 

Transition Time 

Low to High Level Output 

Vcc = 13.2V, Rl = 30n, Cl = 15 pF 


500 

ns 

1th L 

Transition Time 

High to Low Level Output 

Vcc = 13.2V, Rl = 30n, Cl = 15 pF 


500 

ns 

IPLH 

Enable to Output 

Vcc = 13.2V, Rl = 30n, Cl = 15 pF 


10 

p,S 

tPHL 

Enable to Output 

Vcc ■= 1 3.2V, Rl = son, Cl = 1 5 pF 


10 

R.S 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Voltage values are with respect to network ground terminal unless otherwise specified. 

Note 3: Unless otherwise specified min/max limits apply across the -40°C to +105°C temperature range. 
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National 

Semiconductor 


DS3658 Quad High Current Peripheral Driver 


General Description 

The DS3658 quad peripheral driver is designed for those 
applications where low operating power, high breakdown 
voltage, high output current and low output ON voltage are 
required. A unique input circuit combines TTL compatibility 
with high impedance. In fact, its extreme low input current 
allows it to be driven directly by a CMOS device. 

The outputs are capable of sinking 600 mA each and offer a 
70V breakdown. However, for inductive loads the output 
should be clamped to 35V or less to avoid latch-up during 
turn off (inductive fly back protection — refer AN-21 3). An on- 
chip clamp diode capable of handling 800 mA is provided at 
each output for this purpose. In addition, the DS3658 incor- 
porates circuitry that guarantees glitch-free power up or 
down operation and a fail-safe feature which puts the output 
in a high impedance state when the input is open. 

The molded package is specifically constructed to allow in- 
creased power dissipation over conventional packages. The 
four ground pins are directly connected to the device chip 
with a special copper lead frame. When the quad driver is 
soldered into a PC board, the power rating of the device 
improves significantly. 

Applications 

■ Relay drivers 

■ Lamp drivers 

■ Solenoid drivers 

■ Hammer drivers 

■ Stepping motor drivers 

■ Triac drivers 


■ LED drivers 

■ High current, high voltage drivers 

■ Level translators 

■ Fiber optic LED drivers 

Features 

■ Single saturated transistor outputs 

■ Low standby power, 10 mW typical 

■ High impedance TTL compatible inputs 

■ Outputs may be tied together for increased current ca- 
pacity 

■ High output current 

600 mA per output 
2.4A per package 

■ No output latch-up at 35V 

■ Low output ON voltage (350 mV typ @ 600 mA) 

■ High breakdown voltage (70V) 

■ Open collector outputs 

■ Output clamp diodes for inductive fly back protection 

■ NPN inputs for minimal input currents (1 ju.A typical) 

■ Low operating power 

■ Standard 5V power supply 

■ Power up/down protection 

■ Fail safe operation 

■ 2W power package 

■ Pin-for-pin compatible with SN75437 


Connection Diagram 


Truth Table 


Dual-In-Line Package 

IN A IN B EN GND GND Vcc IN C IN D 



TL/F/5819-1 

Top View 

Order Number DS3658N 
See NS Package Number N16A 


IN 

EN 

OUT 

H 

H 

L 

L 

H 

Z 

H 

H 

Z 

L 

L 

z 


H = High state 
L = Low state 
Z = High impedance state 
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Absolute Maximum Ratings (Notei) 

If MMitary/Aerospace specified devices are required, 
contact the Nationai Semiconductor Saies Office/ 
Distributors for availability and specifications. 

Supply Voltage 7V 

Input Voltage 15V 

Output Voltage 70V 

Output Current 1 ,5A 

Continuous Power Dissipation 
@ 25°C Free-Air (Note 5) 2075 mW 

Storage Temperature Range -65°C to 4- 150°C 

Lead T emperature (Soldering, 4 sec.) 260°C 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 

Min Max Units 

Supply Voltage 4.75 5.25 V 

Ambient Temperature 0 70 °C 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input High Voltage 


2.0 



V 

V|L 

Input Low Voltage 




0.8 

V 

l|H 

Input High Current 

ViN = 5.25V, Vcc = 5.25V 


1.0 

10 

IxA 

l|L 

Input Low Current 

V|N = 0.4V 



±10 

jaA 

V|K 

Input Clamp Voltage 

l| = -12 mA 


-0.8 

-1.5 

V 

VoL 

Output Low Voltage 

II = 300 mA 


0.2 

0.4 

V 

II = 600 mA (Note 4) 


0.35 

0.7 

V 

ICEX 

Output Leakage Current 

VcE = 70V, V|N = 0.8V 



100 

jaA 

Vp 

Diode Forward Voltage 

Ip = 800 mA 


1.0 

1.6 

V 

Ir 

Diode Leakage Current 

Vr = 70V 



100 

nA 

Icc 

Supply Current 

All Inputs High 


50 

65 

mA 

All Inputs Low 



2 

4 

mA 


Switching Characteristics (Note 2) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tHL 

Turn On Delay 

Rl = 60n, Vl = 30V 


226 

500 

ns 

tLH 

Turn Off Delay 

Rl = 6on, Vl = 30V 


2430 

8000 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70"C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for Ta = 25°C and Vcc = 5 0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 4: All sections of this quad circuit may conduct rated current simultaneously; however, power dissipation averaged over a short interval of time must fall within 
specified continuous dissipation ratings. 

Note 5: For operation over 25°C free-air temperature, derate linearly to 1328 mW @ 70°C @ the rate of 16.6 mW/°C. 
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AC Test Circuit 


Vcc 30V 



TL/F/5819-2 

‘Includes probe and jig capacitance 


Typical Applications 

stepping Motor Driver 

5V VmoTOB* * 



TL/F/5819-4 

*L1, L2, L3, L4 are the windings of a bifllar stepping motor 
“Vmotor is the supply voltage of the motor 


Switching Waveforms 



Lamp Driver 


5V V+ 
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National 

Semiconductor 


DS3668 Quad Fault Protected Peripheral Driver 


General Description 

The DS3668 quad peripheral driver is designed for those 
applications where low operating power, high breakdown 
voltage, high output current and low output ON voltage are 
required. Unlike most peripheral drivers available, a unique 
fault protection circuit is incorporated on each output. When 
the load current exceeds 1.0A (approximately) on any out- 
put for more than a built-in delay time, nominally 1 2 /ms, that 
output will be shut off by its protection circuitry with no effect 
on other outputs. This condition will prevail until that protec- 
tion circuitry is reset by toggling the corresponding input or 
the enable pin low for at least 1 .0 jas. This built-in delay is 
provided to ensure that the protection circuitry is not trig- 
gered by turn-on surge currents associated with certain 
kinds of loads. 

The DS3668’s inputs combine TTL compatibility with high 
input impedance. In fact, its extreme low input current al- 
lows it to be driven directly by a MOS device. The outputs 
are capable of sinking 600 mA each and offer a 70V break- 
down. However, for inductive loads the output should be 
clamped to 35V or less to avoid latch up during turn off 
(inductive fly-back protection — refer AN-213). An on-chip 
clamp diode capable of handling 800 mA is provided at 
each output for this purpose. In addition, the DS3668 incor- 
porates circuitry that guarantees glitch-free power up or 
down operation and a fail-safe feature which puts the output 
in a high impedance state when the input is open. 

The molded package is specifically constructed to allow in- 
creased power dissipation over conventional packages. The 
four ground pins are directly connected to the device chip 
with a special copper lead frame. When the quad driver is 
soldered into a PC board, the power rating of the device 
improves significantly. 


Applications 

■ Relay drivers 

■ Solenoid drivers 

■ Hammer drivers 

■ Stepping motor drivers 

■ Triac drivers 

■ LED drivers 

■ High current, high voltage drivers 

■ Level translators 

■ Fiber optic LED drivers 

Features 

■ Output fault protection 

■ High impedance TTL compatible inputs 

■ High output current— 600 mA per output 

■ No output latch-up at 35V 

■ Low output ON voltage (550 mV typ @ 600 mA) 

■ High breakdown voltage (70V) 

■ Open collector outputs 

■ Output clamp diodes for inductive fly-back protection 

■ NPN inputs for minimal input currents (1 jxA typical) 

■ Low operating power 

■ Standard 5V power supply 

■ Power up/down protection 

■ Fail-safe operation 

■ 2W power package 

■ Pin-for-pin compatible with SN75437 


Connection Diagram Truth Table 


Dual-ln-Line Package 

IN A IN B EN GND GND Vcc IN C IN D 



IN 

EN 

OUT 



L 



Z 



z 

■■ 

HH 

z 


H = High state 
L = Low state 
Z = High impedance state 


Order Number DS3668N 
See NS Package Number N16A 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7.0V 

Input Voltage 15V 

Output Voltage 70V 

Continuous Power Dissipation 
@ 25“C Free-Air(5) 2075 mW 


Operating Conditions 

Min 

Supply Voltage 4.75 

Ambient Temperature 0 


Storage Temperature Range 

Lead Temperature (Soldering, 4 seconds) 


2075 mW 
-65°Cto +150‘“C 
260 


Electrical Characteristics (Notes 2 and 3) 


Conditions 


Symbol 

Parameter 

V|H 

Input High Voltage 

V|L 

Input Low Voltage 

l|H 

Input High Current 

l|L 

Input Low Current 

V|K 

Input Clamp Voltage 

VoL 

Output Low Voltage 

ICEX 

Output Leakage Current 

Vf 

Diode Forward Voltage 

Ir 

Diode Leakage Current 

Icc 

Supply Current 

Ith 

Protection Circuit 
Threshold Current 



V|N = 5.25V, Vcc = 5.25V 


V|N = 0.4V 


= -12 mA 


II = 300 mA 


II = 600 mA(Note4) 


VcE = 70V, V|N = 0.8V 


Vr = 70V 


All Inputs High 


All Inputs Low 


Switching Characteristics (Note 2 ) 


Symbol 

Parameter 

tHL 

Turn On Delay 

tLH 

Turn Off Delay 

tFZ 

Protection Enable Delay 
(after Detection of Fault) 

tRL 

Input Low Time for 
Protection Circuit Reset 


Conditions 


Rl = 6on, Vl = 30V 


Rl = 6on. Vl = 30V 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the CC to +70°C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are forT/v = 25“C and Vcc = 5 0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 4: All sections of this quad circuit may conduct rated current simultaneously; however, power dissipation averaged over a short interval of time must fall within 
specified continuous dissipation ratings. 

Note 5: For operation over 25°C free-air temperature, derate linearly to 1328 mW @ 70’C @ the rate of 16.6 mW/'C. 
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AC Test Circuit 


Switching Waveforms 


Vcc 30V 




•Includes probe and jig capacitance. 


Typical Application 


stepping Motor Driver 
sv 


Vmotor 



•L1, L2, L3, L4 are the windings of a bifilar stepping motor, 
•Vmotor is *^8 supply voltage of the motor. 


Protection Circuit Block Diagram 



TL/F/5225-5 
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National 

Semiconductor 


DS3669 Quad High Current Peripheral Driver 


General Description 

The DS3669 is a non-inverting quad peripheral driver similar 
to the DS3658. These drivers are designed for those appli- 
cations where low operating power, high breakdown volt- 
age, high output current and low output ON voltage are re- 
quired. A unique input circuit combines TTL compatibility 
with high impedance. In fact, its extreme low input current 
allows it to be driven directly by a CMOS device. 

The outputs are capable of sinking 600 mA each and offer a 
70V breakdown. However, for inductive loads the output 
should be clamped to 35V or less to avoid latch-up during 
turn off (inductive fly back protection — refer AN-21 3). An on- 
chip clamp diode capable of handling 800 mA is provided at 
each output for this purpose. In addition, the DS3669 incor- 
porates circuitry that guarantees glitch-free power up or 
down operation. 

The molded package is specifically constructed to allow in- 
creased power dissipation over conventional packages. The 
four ground pins are directly connected to the device chip 
with a special copper lead frame. When the quad driver is 
soldered into a PC board, the power rating of the device 
improves significantly. 

Applications 

■ Relay drivers 

■ Lamp drivers 

■ Solenoid drivers 

■ Hammer drivers 


■ Stepping motor drivers 

■ Triac drivers 

■ LED drivers 

■ High current, high voltage drivers 

■ Level translators 

■ Fiber optic LED drivers 

Features 

■ Single saturated transistor outputs 

■ Low standby power, 1 0 mW typical 

■ High impedance TTL compatible inputs 

■ Outputs may be tied together for increased current 
capacity 

■ High output current 

600 mA per output 
2.4A per package 

■ No output latch-up at 35V 

■ Low output ON voltage (350 mV typ @600 mA) 

■ High breakdown voltage (70V) 

■ Open collector outputs 

■ Output clamp diodes for inductive fly back protection 

■ NPN inputs for minimal input currents (1 p,A typical) 

■ Low operating power 

■ Standard 5V power supply 

■ Power up/down protection 

■ 2W power package 


Connection Diagram 


Truth Table 


Dual-ln-Line Package 

IN A IN B EN GND GNO Vcc IN C IN 0 



Top View 

Order Number DS3669N 
See NS Package Number N16A 


IN 

EN 

OUT 

L 

H 

L 

H 

H 

Z 

L 

L 

z 

H 

L 

z 


H = High state 
L=Low state 
Z= High impedance state 
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Absolute Maximum Ratings (Notei) 


If Military/ Aerospace specified devices are required, 

Storage Temperature Range 

-65‘’Cto +150°C 

contact the Nationai Semiconductor Saies 
Distributors for avaiiabiiity and specifications. 

Office/ 

Lead Temperature (Soldering, 4 seconds) 


260°C 

Supply Voltage 

7.0V 

Operating Conditions 



Input Voltage 

15V 

Min 

Max 

Units 

Output Voltage 

70V 

Supply Voltage 4.75 

5.25 

V 

Output Current 

Continuous Power Dissipation 

1.5A 

Ambient Temperature 0 

70 

°c 

@25°C Free-Air (Note 5) 

2075 mW 





Electrical Characteristics (Notes 2 and 3) 


Symboi 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input High Voltage 


2.0 



V 

V|L 

Input Low Voltage 




0.8 

V 

IlH 

Input High Current 

V|N = 5.25V, Vcc = 5.25V 


1.0 

10 

fiA 

l|L 

Input Low Current 

V|N = 0.4V 



±10 

jaA 

V|K 

Input Clamp Voltage 

l| = -12 mA 


-0.8 

-1.5 

V 

VoL 

Output Low Voltage 

II = 300 mA 


0.2 

0.4 

V 



II = 600 mA (Note 4) 


0.35 

0.7 

V 

ICEX 

Output Leakage Current 

Vc = 70V, V|N = 2V, 
Ven = 0.8V 



100 

fiA 

Vf 

Diode Forward Voltage 

Ip = 800 mA 


1.0 

1.6 

V 

Ir 

Diode Leakage Current 

Vr = 70V 



100 

JU.A 

Icc 

Supply Current 

All Inputs Low 
EN = 2.0V 


50 

65 

mA 



All Inputs High 


2 

4 

mA 


Switching Characteristics (Note 2) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tHL 

Turn On Delay 

Rl = 60a, Vl = 30V 


226 

500 

ns 

tLH 

Turn Off Delay 

Rl = 6on, Vl = 30V 


2430 

8000 

ns 


Note 1: “Absolute Maximium Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0"C to +70°C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for Ta= 25°C and Vcc=5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 4: All sections of this quad circuit may conduct rated current simultaneously; however, power dissipation averaged over a short interval of time must fall within 
specified continuous dissipation ratings. 

Note 5: For operation over 25°C free-air temperature, derate linearly to 1328 mW @70”C @ the rate of 16.6 mW/”C. 
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AC Test Circuit 


Switching Waveforms 



'Includes probe and jig capacitance 


TL/F/5820-2 



TL/F/5820-3 


Typical Applications 


stepping Motor Driver 



'L1, L2, L3, L4 are the windings of a bifilar stepping motor. 
*Vmotor is the supply voltage of the motor. 


Lamp Driver 
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DS3669 



DS3680 



National 

Semiconductor 


DS3680 Quad Negative Voltage Relay Driver 


General Description 

The DS3680 is a quad high voltage negative relay driver 
designed to operate over wide ranges of supply voltage, 
common-mode voltage, and ambient temperature, with 
50 mA sink capability. These drivers are intended for switch- 
ing the ground end of loads which are directly connected to 
the negative supply, such as in telephone relay systems. 
Since there may be considerable noise and IR drop be- 
tween logic ground and negative supply ground in many ap- 
plications, these drivers are designed to operate with a high 
common-mode range (±20V referenced to negative supply 
ground). Each driver has a common-mode range separate 
from the other drivers in the package, which pemits input 
signals from more than one element of the system. 

With low differential input current requirements (typically 
100 fxA), these drivers are compatible with TTL, LS and 
CMOS logic. Differential inputs permit either inverting or 
non-inverting operation. 


The driver outputs incorporate transient suppression clamp 
networks, which eliminate the need for external networks 
when used in applications of switching inductive loads. A 
fail-safe feature is incorporated to insure that, if the -I- IN 
input or both inputs are open, the driver will be OFF. 

Features 

■ -10V to -60V operation 

■ Quad 50 mA sink capability 

■ TTL/LS/COMS or voltage comparator input 

■ High input common-mode voltage range 

■ Very low input current 

■ Fail-safe disconnect feature 

■ Built-in output clamp diode 


Connection Diagram 


Logic Diagram 


Dual-ln-Line Package 



Top View 


Order Number DS3680J, DS3680M or DS3680N 
See NS Package Number J14A, M14A, N14A 



TL/F/5a21-2 


Truth Table 


Differential Inputs 

Outputs 

V|D ^ 2V 

On 

V|D ^ 0.8V 

Off 

Open 

Off 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the Nationai Semiconductor Sales Office/ 
Distributors for avaiiabiiity and specifications. 


Supply Voltage (GND to Vee - , and Any Pin) - 70V 

Positive Input Voltage (Input to GND) 20V 

Negative Input Voltage (Input to Vee ~ ) ~ 5V 

Differential Voltage ( + 1 N to - 1 N) ± 20V 

Inductive Load LL^5h 

Il^ 50 mA 

Output Current -100mA 

Storage Temperature -65°C to + 150°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1433 mW 

Molded Dip Package 1 398 mW 

SO Package 1002 mW 

Lead Temperature (Soldering, 4 seconds) 260°C 


Derate cavity package 9.6 mW/”C above 25”C; derate molded dip pack- 
age 11.2 mW/°C above 25”C; derate SO package 8.02 mW/”C above 
25“C. 


Recommended Operating 
Conditions 



Min 

Max 

Units 

Supply Voltage (GND to Vee~) 

-10 

-60 

V 

Input Voltage (Input to GND) 

-20 

20 

V 

Logic ON Voltage (+ IN) 
Referenced to - IN 

2 

20 

V 

Logic OFF Voltage (-1- IN) 
Referenced to - IN 

-20 

0.8 

V 

Temperature Range 

-25 

-H85 

°c 


Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Logic “1 " Input Voltage 


2.0 

1.3 


V 

V|L 

Logic “0” Input Voltage 



1.3 

0.8 

V 

l|NH 

Logic "1" Input Current 

V|N = 2V 


40 

100 




V|N = 7V 


375 

1000 

jxA 

l|NL 

Logic “0" Input Current 

V|N = 0.4V 


-0.01 

-5 

fxA 



V|N = -7V 


-1 

-100 

juA 

VoL 

Output ON Voltage 

Iql = 50 mA 


-1.6 

-2.1 

V 

Iqff 

Output Leakage 

Vqut = Vee- 


-2 

-100 

JU.A 

Ifs 

Fail-Safe Output Leakage 

Vqut = Vee- 

(Inputs Open) 


-2 

-100 

jaA 

Ilc 

Output Clamp Leakage Current 

Vqut = GND 


2 

100 

jliA 

Vc 

Output Clamp Voltage 

■clamp = -50 mA 
Referenced to Vee~ 


-2 

-1.2 

V 

Vp 

Positive Output Clamp Voltage 

■clamp = 50 mA 
Referenced to GND 


0.9 

1.2 

V 

Iee(on) 

ON Supply Current 

All Drivers ON 


-2 

-4.4 

mA 

IeE(OFF) 

OFF Supply Current 

All Drivers OFF 


-1 

-100 

jliA 

tpD(ON) 

Propagation Delay to Driver ON 

L = 1h, Rl = Ik. 
V|N =3V Pulse 


1 

10 

JUS 

tpD(OFF) 

Propagation Delay to Driver OFF 

L = 1h,RL = Ik, 
ViN = 3V Pulse 


1 

10 

jas 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range", 
they are not meant to imply that the device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified, the min/max limits of the table of "Electrical Characteristics” apply within the range of the table of “Operating Conditions". All 
typical values are given for Vee~ = 52V, and Ta = 25°C. 

Note 3: All current into device pins shown as positive, out of the device as negative. All voltages are referenced to ground unless otherwise noted. 
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National 
Semiconductor 


DS3686 Dual Positive Voltage Relay Driver 


General Description 

The DS3686 is a high voltage/current positive voltage relay 
driver having many features not available in present relay 
drivers. 

PNP inputs provide both TTL/LS compatibility and high in- 
put impedance for low input loading. 

Output leakage is specified over temperature at an output 
voltage of 54V. Minimum output breakdown (ac/latch break- 
down) is specified over temperature at 5 mA. This clearly 
defines the actual breakdown of the device since the circuit 
has incorporated in it an internal reference which does not 
allow output breakdown latching found in existing relay driv- 
ers. Additionally, this internal reference circuit feature will 
eliminate the need in most cases of an external clamping 
(inductive transient voltage protection) diode. When the out- 
put is turned “OFF” by input logic conditions the resulting 
inductive voltage transient seen at the output is detected by 
an internal zener reference. The reference then momentari- 
ly activates the output transistor long enough so that the 
relay energy is discharged. This feature eliminates the need 
of external circuit protection components and insures output 
transistor protection. 

The outputs are Darlington connected transistors, which al- 
low high current operation at low internal Vcc current 


levels — base drive for the output transistor is obtained from 
the load in proportion to the required loading conditions. 
Typical Vcc power with both outputs “ON” is 90 mW. 

The circuit also features output transistor protection if the 
Vcc supply is lost by forcing the output into the high imped- 
ance “OFF” state with the same breakdown levels as when 
Vcc was applied. 

Features 

■ TTL/LS/CMOS compatible inputs 

■ High impedance inputs (PNP’s) 

■ High output voltage breakdown (65V typ) 

■ High output current capability (300 mA max) 

■ Internal protection circuit eliminates need for output 
protection diode 

■ Output breakdown protection if Vcc supply is lost 

■ Low Vcc power dissipation (90 mW (typ) both outputs 
“ON”) 

■ Voltage and current levels compatible for use in tele- 
phone relay applications 


Connection Diagrams 

Metal Can Package 



Top View 

Pin 4 is in eiectrical contact with the case 

Order Number DS3686H 
See NS Package Number H08C 


Dual*ln>Line Package 


Vcc B2 az xz 



Top View 

Order Number DS3686J-8 or DS3686N 
See NS Package Number J08A or N08E 
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DS3686 



Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7V 

Input Voltage 15V 

Output Voltage 56V 

Storage Temperature Range -65°C to + 1 50°C 


Electrical Characteristics (Notes 2 and 3) 


Maximum Power Dissipation* at 25°C 
Cavity Package 1 1 33 mW 

Molded Package 1 022 mW 

TO-5 Package 787 mW 

Lead T emperature (Soldering, 4 seconds) 260°C 


•Derate cavity package 7.6 mW/°C above 25°C; derate molded package 8.2 
mW/“C above 25°C; derate TO-5 package 5.2 mW/'C above 25°C. 

Operating Conditions 

Min Max Units 

Supply Voltage, Vcc 4.75 5.25 V 

Temperature, Ta 0 ±70 °C 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Logical “1” Input Voltage 

Rl = 180n, Vl = 54V, Vo ^ 2.5V 

2.0 



V 

l|H 

Logical “1 ” Input Current 

Vcc = Max. V|N = 5.5V 


0.01 

40 

jliA 

V|L 

Logical “0” Input Voltage 

Rl = 180 n, Vl = 54V, Vq ^ 53.8V 



0.8 

V 

l|L 

Logical “0” Input Current 

Vcc = Max, V|N = 0.4V 


-150 

-250 

fiA 

VcD 

Input Clamp Voltage 

Vcc = 5V, IcLAMP = -12 mA, Ta = 25°C 


-1.0 

-1.5 

V 

Vqh 

Output Breakdown 

Vcc = Max, V|N = OV, louT = 5 mA 

56 

65 


V 

Iqh 

Output Leakage 

Vcc = Max, V|N = 0.4V, VouT = 54V 


0.5 

250 

fiA 

VOL 

Output ON Voltage 

Vcc — Min, 
V|N = 2.4V 

DS3686 

lOL = 100 mA 


0.85 

1.0 

V 

Iql = 300 mA 


1.0 

1.2 

V 

ICC(1) 

Supply Current (Both Drivers) 

Vcc = Max, V|N = OV, Outputs Open 


2 

4 

mA 

lcC(O) 

Supply Current (Both Drivers) 

Vcc = Max, V IN = 3V, Outputs Open 


18 

28 

mA 

tpDO 

Propagation Delay to a Logical “0” 
(Output Turn ON) 

Cl = 15 pF. Vl = 10V, Rl = son 
Ta = 25»C.Vcc = 5V 


50 


ns 

tpD1 

Propagation Delay to a Logical “1 ” 
(Output Turn OFF) 

Cl = ispF.Vl = 10V, Rl = 5on 
Ta = 25°C,Vcc=5V 


1 

■ 

JLlS 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the O’C to -l-70°C range for the DS3686. All typicals are given for Vcc = and Ta = 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 
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Schematic Diagram 



Truth Table 

Positive logic: ^ = X 


A 

B 

Output X 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 


Logic "0" output "ON” 
Logic "1" output "OFF" 


AC Test Circuit and Switching Time Waveforms 



TL/F/5822-4 

Note 1: The pulse generator has the following characteristics: PRR = 100 kHz, 50% duty cycle, Zqut = 50n, tf = t( ^ 10 ns. 
Note 2: C|_ includes probe and jig capacitance. 



TL/F/5822-5 
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DS3686 



DS1687/DS3687 



National 

Semiconductor 


DS1687/DS3687 Negative Voltage Relay Driver 


General Description 

The DS1687/DS3687 is a high voltage/current negative 
voltage relay driver having many features not available in 
present relay drivers. 

PNP inputs provide both TTL/LS compatibility and high in- 
put impedance for low input loading. 

Output leakage is specified over temperature at an output 
voltage of -54V. Minimum output breakdown (ac/latch 
breakdown) is specified over temperature at -5 mA. This 
clearly defines the actual breakdown of the device since the 
circuit has incorporated in it an internal reference which 
does not allow output breakdown latching found in existing 
relay drivers. Additionally, this internal reference circuit fea- 
ture will eliminate the need in most cases of an external 
clamping (inductive transient voltage protection) diode. 
When the output is turned “OFF” by input logic conditions 
the resulting inductive voltage transient seen at the output is 
detected by an internal zener reference. The reference then 
momentarily activates the output transistor long enough so 
that the relay energy is discharged. This feature eliminates 
the need of external circuit protection components and in- 
sures output transistor protection. 


The outputs are Darlington connected transistors, which al- 
low high current operation at low internal Vcc current lev- 
els — base drive for the output transistor is obtained from the 
load in proportion to the required loading conditions. Typical 
Vcc power with both outputs “ON” is 90 mW. 

The circuit also features output transistor protection if the 
Vcc supply is lost by forcing the output into the high imped- 
ance “OFF” state with the same breakdown levels as when 
Vcc was applied. 

Features 

■ TTL/LS/CMOS compatible inputs 

■ High impedance inputs (PNP’s) 

■ High output voltage breakdown (-65V typ) 

■ High output current capability (300 mA max) 

■ Internal protection circuit eliminates need for output 
protection diode 

■ Output breakdown protection if Vcc supply is lost 

■ Low Vcc power dissipation (90 mW (typ) both outputs 
“ON”) 

■ Voltage and current levels compatible for use in tele- 
phone relay applications 


Connection Diagrams 


Metal Can Package 
Vcc 



Pin 4 is in electrical contact with the case 

Order Number DS1687H or DS3687H 
See NS Package Number H08C 

Truth Table _ 

Positive logic: AB = X 


A 

B 

Output X 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 


Logic “0" output “ON” 
Logic “1” output “OFF” 


Dual-In-Line Package 

Vqc B2 AZ X2 



Order Number DS1687J-8, 
DS3687J-8 or DS3687N 
See NS Package Number J08A or N08E 


3-38 



Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Sales Office/ 
Distributors for availabiiity and specifications. 

Supply Voltage 7V 

Input Voltage 15V 

Output Voltage 56V 

Storage Temperature Range -65°Cto +150°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 1 33 mW 

Molded Package 1022 mW 

TO-5 Package 787 mW 

Lead Temperature (Soldering, 4 seconds) 260°C 

•Derate cavity package 7.6 mW/°C above 25°C; derate molded package 

8.2 mW/°C above 25°C; derate TO-5 package 5.2 mW/“C above 25°C. 

Electrical Characteristics (Note 2 and 3) 

Symbol 

V|H 

jlH 

V|L 

jlL 

VcD 
Vqh 
Iqh 
VoL 


ICC(1) 

lcC(O) 

tPD(ON) 


tPD(OFF) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55”C to +125°C temperture range for the DS1687 and across the 0”C to +70”C range for 
the DS3687. All typicals are given for Vcc = 5V and Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min or absolute value basis. 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


Logical “1" Input Voltage 


2.0 


Logical “1 ” Input Current 


Vcc ~ Max, V|fj = 5.5V 


1.0 


JU.A 


Logical “0” Input Voltage 


0.8 


Logical “0" Input Current 


Vcc = Max, V|N = 0.4V 


-150 


-250 


JLtA 


Input Clamp Voltage 


Vcc = 5V, IcLAMP = -12 mA, Ta = 25°C 


- 1.0 


-1.5 


Output Breakdown 


Vcc = Max, V|N =0V, Iqut = -5 mA 


-56 


-65 


Output Leakage 


Vcc — Max, V|N = OV, Vout — —54V 


-0.5 


-250 


JU.A 


Output ON Voltage 


Vcc — Min, 
V|N = 2V 


DS1687 


DS3687 


Iql = -100 mA 


-0.9 


- 1.1 


Iql = -300 mA 


- 1.0 


•1.3 


Iql = -100 mA 


-0.9 


- 1.0 


Iql = -300 mA 


- 1.0 


- 1.2 


Supply Current (Both Drivers) 


Vcc = Max, V|N = OV, Outputs Open 


mA 


Supply Current (Both Drivers) 


Vcc == Max, V|N = 3V, Outputs Open 


18 


28 


mA 


Propagation Delay to a Logical "0” 
(Output Turn ON) 


Cl = 15pF,Vl = -10V, Rl = 5on, 
Ta = 25*C, Vcc = 5V 


50 


Propagation Delay to a Logical “1 ’ 
(Output Turn OFF) 


Cl = 15pF,Vl = -10V, Rl = 5on, 
Ta = 25*C,Vcc= 5V 


1.0 


jas 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage, Vcc 

DS1687 

4.5 

5.5 

V 

DS3687 

4.75 

5.25 

V 

Temperature, Ta 

DS1687 

-55 

-M25 

°c 

DS3687 

0 

-H70 

°c 
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DS1687/DS3687 





























DS1687/DS3687 


AC Test Circuit and Switching Time Waveforms 



Vcc = 5V V|_ = -10V 



TL/F/5823-4 

Note 1: The pulse generator has the following characteristics: 

PRR = MHz, 50% duty cycie, Zqut = SOfl, V = t( s 10 ns. 

Note 2: C|_ inciudes probe and jig capacitance. 



TL/F/5823-5 
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National 
Semiconductor 

DS55451/2/3/4, DS75450/1/2/3/4 Series 
Dual Peripheral Drivers 
General Description 

The DS75450 series of dual peripheral drivers is a family of 
versatile devices designed for use in systems that use TTL 
logic. Typical applications include high speed logic buffers, 
power drivers, relay drivers, lamp drivers, MOS drivers, bus 
drivers and memory drivers. 

The DS75450 is a general purpose device featuring two 
standard Series 54/74 TTL gates and two uncommitted, 
high current, high voltage NPN transistors. The device of- 
fers the system designer the flexibility of tailoring the circuit 
to the application. 

The DS55451/DS75451, DS55452/DS75452, DS55453/ 

DS75453 and DS55454/DS75454 are dual peripheral AND, 

NAND, OR and NOR drivers, respectively, (positive logic) 


with the output of the logic gates internally connected to the 
bases of the NPN output transistors. 

Features 

■ 300 mA output current capability 

■ High voltage outputs 

■ No output latch-up at 20V 

■ High speed switching 

■ Choice of logic function 

■ TTL compatible diode-clamped inputs 

■ Standard supply voltages 

■ Replaces Tl “A” and “B” series 



Connection Diagrams (Dual-ln-Line and Metal Can Packages) 


Vcc 82 A2 Y2 



DS75451J-8, DS75451M or 
DS75451N 



See NS Package Number J14A or N14A 



TL/F/5824-3 

Top View 

Order Number DS55452J-8, 
DS75452J-8, DS75452M or 
DS75452N 



Top View Top View 

Order Number DS55453J-8, Order Number DS55454J-8, 
DS75453J-8, DS75453M or DS75454J-8 or DS75454N 
DS75453N 


See NS Package Numbers J08A, M08A* or N08E 


'See Note 6 and AN-336 regarding S.O. package power dissipation constraints. 
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DS55451/DS55452/DS55453/DS55454/DS75450/DS75451/DS75452/DS75453/DS75454 



DS55451/DS55452/DS55453/DS55454/DS75450/DS75451/DS75452/DS75453/DS75454 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 

contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage, (Vcc) (Note 2) 7.0V 

input Voltage 5.5V 

Inter-Emitter Voltage (Note 3) 5.5V 

Vcc-to-Substrate Voltage 

DS75450 35V 

Collector-to-Substrate Voltage 
DS75450 35V 

Collector-Base Voltage 

DS75450 35V 

Collector-Emitter Voltage (Note 4) 

DS75450 30V 

Emitter-Base Voltage 

DS75450 5.0V 

Output Voltage (Note 5) 

DS55451 /DS75451 , DS55452/DS75452, 30V 

DS55453/DS75453, DS55454/DS75454 
Collector Current (Note 6) 

DS75450 300 mA 

Output Current (Note 6) 

DS55451 /DS75451 , DS55452/DS75452, 300 mA 

DS55453/DS75453, DS55454/DS75454 


DS75450 Maximum Power (Note 6) 


Dissipation* at 25°C 

Cavity Package 

1308 mW 

Molded Package 

1207 mW 

DS75451/2/3/4 Maximum Power (Note 6) 
Dissipation ^ at 25°C 

Cavity Package 

1090 mW 

Molded DIP Package 

957 mW 

TO-5 Package 

760 mW 

SO Package 

632 mW 


Storage Temperature Range 
Lead Temperature (Soldering, 4 sec.) 


-65°Cto -M50°C 
260°C 


Operating Conditions (Note 7 ) 

Min Max Units 

Supply Voltage, (Vcc) 

DS5545X 4.5 5.5 V 

DS7545X 4.75 5.25 V 

Temperature, (Ta) 

DS5545X -55 -1-125 °C 

DS7545X 0 -I- 70 °C 

•Derate cavity package 8.7 mW/°C above 25“C; derate molded package 

9.7 mW/“C above 25“C. 

I'Derate cavity package 7.3 mW/°C above 25°C; derate molded package 

7.7 mW/“C above 25°C; derate TO-5 package 5.1 mW/”C above 25“C; 
derate SO package 7.56 mW/'C above 25°C. 

See App Note AN-336 for further information on Understanding Package 
Power Dissipation. 


Connection Diagrams (Dual-ln-Llne and Metal Can Packages) (Continued) 






Top View 

Order Number 
DS55451Hor DS75451H 


TL/F/5824-7 TL/F/5824-8 

Top View Top View 

(Pin 4 is in Electrical Contact with the Case) 

Order Number Order Number 

DS55452H or DS75452H DS55453H or DS75453H 

See NS Package Number H08C 


Electrical Characteristics cs7545o (Notes s and g) 


Conditions 


Symbol 

Parameter 

TTL GATES 

V|H 

High Level Input Voltage 

V|L 

Low Level Input Voltage 

V| 

Input Clamp Voltage 

VoH 

High Level Output Voltage 

VoL 

Low Level Output Voltage 

l| 

Input Current at Maximum 
Input Voltage 


TL/F/5824-9 

Top View 

Order Number 
DS55454H or DS75454H 
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Electrical Characteristics 0575450 (Notes s and g) (continued) 


Symbol 

Parameter 

Conditions 

^^3 

EM 

^03 

Units 

TTL GATES (Continued) 

l|H 

High Level Input Current 

Vcc = Max. V| = 2.4V, (Figure 4) 

Input A 



IB 

fxA 

Input G 



m 

jliA 

l|L 

Low Level Input Current 

Vcc == Max, V| = 0.4V, (Figures) 

Input A 



be 

mA 

Input G 




mA 

los 

Short Circuit 
Output Current 

Vcc = Max, (Figures), (Note 10) 

-18 


-55 

mA 

ICCH 

Supply Current 

Vcc = Max, V| = OV, Outputs High, (Figure 6) 


2 

4 

mA 

ICCL 

Supply Current 

Vcc = Max, V| = 5V, Outputs Low, (Figure 6) 


O 

a 

mA 


OUTPUT TRANSISTORS 


V(BR)CB0 

Collector-Base 
Breakdown Voltage 

Ic = 100 ^A, Ie = 0 p,A 

35 



V 

V(BR)CER 

Collector-Emitter 
Breakdown Voltage 

Ic = 100 fiA, Rbe = 50011 

30 



V 

V(br)ebo 

Emitter-Base 
Breakdown Voltage 

Ie = 100 fiA, Ic = 0 /jlA 

5 



V 

hpE 

Static Forward Current 
Transfer Ratio 

VcE = 3V, (Note 11) 

Ta = +25°C 

Ic = 100 mA 

m 




Ic = 300 mA 





Ta = OX 

Ic = 100 mA 

IQI 




Ic = 300 mA 

m 




Vbe 

Base-Emitter Voltage 

(Note 11) 

Ib = 10 mA, Ic = 100 mA 



1 

V 

Ib = 30 mA, Ic = 300 mA 



IB 

V 

VCE(SAT) 

Collector-Emitter 
Saturation Voltage 

(Note 11) 

Ib = 10 mA, Ic = 100 mA 


0.25 

0.4 

V 

Ib = 30 mA, Ic = 300 mA 



BQI 

V 


Electrical Characteristics (Continued) 

DS55451/DS75451, DS55452/DS75452, DS55453/DS75453, DS55454/DS75454 (Notes 8 and 9) 


Symbol 

Parameter 

Conditions 



Max 

Units 

V|H 

High-Level Input Voltage 

(Figure 7) 

2 



V 

V|L 

Low-Level Input Voltage 



0.8 

V 

V| 

Input Clamp Voltage 

Vcc = Min, l| = - 1 2 mA 



-1.5 

V 

Vql 

Low-Level Output Voltage 

Vcc ~ Min, 
(Figure 7) 

V|L = 0.8V 

Iql =100 mA 

DS55451,DS55453 


0.25 

0.5 

V 

DS75451, DS75453 



0.4 

V 

Iql = 300 mA 

DS55451,DS55453 



0.8 

V 

DS75451,DS75453 



0.7 

V 

V|H = 2V 

Iql =" 100 mA 

DS55452, DS55454 


0.25 

0.5 

V 

DS75452, DS75454 



0.4 

V 

Iql = 300 mA 

DS55452, DS55454 



0.8 

V 

DS75452, DS75454 



0.7 

V 

Iqh 

High-Level Output Current 

Vcc “ Min, 
(Figure 7) 

Vqh = 30V 

V|H = 2V 

DS55451, DS55453 



300 

fiA 

DS75451 , DS75453 



100 

fxA 

V|L = 0.8V 

DS55452, DS55454 



300 

JU.A 

DS75452, DS75454 



100 

jaA 

ll 

Input Current at Maximum 
Input Voltage 

Vcc = Max, V| = 5.5V, (Figures) 



1 

mA 
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Electrical Characteristics (Continued) 

DS55451/DS75451, DS55452/DS75452, DS55453/DS75453, DS55454/DS75454 (Notes 8 and 9) (Continued) 


Symbol 

Parameter 

Conditions 


Max 

Units 

l|H 

High-Level Input Current 

Vcc = Max. Vj = 2.4V, (Figure 9) 



40 

fiA 

l|L 

Low-Level Input Current 

Vcc = Max, V| = 0.4V, (Figure 8) 


-1 

-1.6 

mA 

ICCH 

Supply Current, Outputs High 

Vcc = Max, 

V| = 5V 

DS55451/DS75451 


Dl 

11 

mA 



(Figure 10) 

< 

II 

o 

< 

DS55452/DS75452 


D 

14 

mA 




< 

II 

oi 

< 

DS55453/DS75453 


8 

11 

mA 




V| = OV 

DS55454/DS75454 


la 

17 

mA 

>CCL 

Supply Current, Outputs Low 

Vcc = Max, 

V| = OV 

DS55451/DS75451 


m 

65 

mA 



(Figure 10) 

> 

10 

11 

> 

DS55452/DS75452 


o 

71 

mA 




V( = OV 

DS55453/DS75453 


El 

1 

68 ; 

mA 




Vi = 5V 

DS55454/DS75454 


El 

79 

mA 


Switching Characteristics ds75450(Vcc 


Symbol 


tpLH 


5V, Ta = 25“C) 



Parameter 

Conditions 

Propagation Delay Time, 

Cl = 15 pF 

Rl = 400ft, TTL Gates, (Figure 12) 

Low-to-High Level Output 


Rl = 50ft, ic ~ 200 mA, Gates and 
Transistors Combined, (Figure 14) 

Propagation Deiay Time, 

Cl = 15 pF 

Rl = 400ft, TTL Gates, (Figure 12) 

High-to-Low Level Output 


Rl = 50ft, ic ~ 200 mA, Gates and 
Transistors Combined, (Figure 14) 

Transition Time, Low-to-High 
Level Output 

Cl = 1 5 pF, Rl = 50ft, Ic = 200 mA, Gates and 
Transistors Combined, (Figure 14) 

Transition Time, High-to-Low 
Level Output 

Cl = 15 pF, Rl = 50ft, ic = 200 mA, Gates and 
Transistors Combined, (Figure 14) 

High-Level Output Voltage 
after Switching 

Vs = 20V. ic 

~ 300 mA, Rbe = 500ft, (Figure 15) 

Delay Time 

ic = 200 mA, Ib( 1 ) = 20 mA, 

Rise Time 

Ib = -40 mA, Vbe(OFF) = ~1V, 
Cl = 15 pF, Rl = 50ft, 

(Figure 13), (Note 12) 

Storage Time 

Full Time 





Switching Characteristics (Continued) 

DS55451/DS75451, DS55452/DS75452, DS55453/DS75453, DS55454/DS75454 (Vcc = 5V, Ta = 25°C) 


Symbol 


tpLH Propagation Delay Time, Low-to-High Cl = 15 pF, Rl = 50n, DS55451/DS75451 

Level Output Iq == 200 mA, (Figure 14) DS55452/DS75452 

DS55453/DS75453 

DS55454/DS75454 


Propagation Delay Time, High-to-Low Cl = 15pF, Rl= 50ft, | DS55451/DS75451 

Level Output Iq ~ 200 mA, (Figure 14) 


Iq ~ 200 mA, (Figure 14) DS55452/DS75452 

DS55453/DS75453 
DS55454/DS75454 


Transition Time, Low-to-High Level Cl = 15 pF, Rl = 50ft, Iq ~ 200mA, 
Output (Figure 14) 


Transition Time, High-to-Low Level Cl = 15 pF, Rl = 50ft, Iq ~ 200 mA, 
Output (Figure 14) 





High-Level Output Voltage after 
Switching 


Vs = 20V, lo = 300 mA, (Figure 15) 



Vs - 6.5 
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Switching Characteristics (Continued) 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Voltage values are with respect to network ground terminal unless othenwise specified. 

Note 3: The voltage between two emitters of a multiple-emitter transistor. 

Note 4: Value applies when the base-emitter resistance (Rbe) is equal to or less than 50011. 

Note 5: The maximum voltage which should be applied to any output when it is in the “OFF” state. 

Note 6: Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a short time interval must fall within 
the continuous dissipation rating. 

Note 7: For the DS75450 only, the substrate (pin 8) must always be at the most-negative device voltage for proper operation. 

Note 8: Unless othenwise specified min/max limits apply across the - 55“C to -t- 1 25“C temperature range for the DS55450 series and across the 0°C to + 70°C 
range for the DS75450 series. All typicals are given for Vcc = + 5V and T/\ = 25°C. 

Note 9: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 10: Only one output at a time should be shorted. 

Note 11: These parameters must be measured using pulse techniques, tyy = 300 /ns, duty cycle < 2%. 

Note 12: Applies to output transistors only. 

Truth Tables (H = high level, L = low level) 


DS55451/DS75451 DS55453/DS75453 





Resistor values shown are nominal. 


— OCNO 
TL/F/5824-12 




Schematic Diagrams (Continued) 

DS55453/DS75453 



Resistor values shown are nominal. 


— OGNO 
TL/F/5824-13 


DS55454/DS75454 



Resistor values shown are nominal. 


TL/F/5824-14 


DC Test Circuits 



if 


TL/F/5824-15 

Both inputs are tested simultaneously. 

FIGURE 1. V|H, VoL 



if 


TL/F/5824-16 

Each input is tested separately. 

FIGURE 2. V|L,VoH 


ifT 

X 


TL/F/5824-17 

Each input is tested separately. 

FIGURE 3. V|,I|L 



TL/F/5824-18 

Each input is tested separately. 

FIGURE 4.I|,I|h 


TL/F/5824-19 

Each input is tested separately. 

FIGURE 5. los 



TL/F/5824-20 

Both gates are tested simultaneously. 

FIGURE 6. IccHi ICCL 


CIRCUIT I Y 
UNDER I— 
TEST I 



Circuit 

Input 

Other 

Input 

Output 

Under 

Test 

Apply 

Measure 

DS55451 

V|H 

V|H 

Vqh 

Iqh 


V|L 

Vcc 

Iql 

Vql 

DS55452 

V|H 

V|H 

Iql 

Vql 


V|L 

Vcc 

Vqh 

Iqh 

DS55453 

V|H 

Gnd 

Vqh 

Iqh 


V|L 

V|L 

Iql 

Vqh 

DS55454 

V|H 

Gnd 

Iql 

Vql 


V|L 

V|L 

Vqh 

Iqh 


FIGURE 7. V|h,V|l,Ioh.Vol 
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DC Test Circuits (Continued) 



Note A; Each input is tested separately. 
Note B: When testing DS55453/DS75453, 
DS55454/DS75454, input not 
under test is grounded. 

For all other circuits it is at 4.5V. 

TL/F/5824-22 


FIGURES. V|, V|L 



Each input Is tested separately. TL/F/5824-23 

FIGURE 9. I|, l|H 



AC Test Circuits and Switching Time Waveforms 


INPUT 2.4V Vcc OUTPUT 5V 



TL/F/5824-27 

Note 1: The pulse generator has the following characteristics: PRR = 1 MHz, Zqut ~ 50n. 

Note 2: Cl Includes probe and jig capacitance. 

FIGURE 12. Propagation Delay Times, Each Gate (DS75450 Only) 
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AC Test Circuits and Switching Time Waveforms (Continued) 


10V 




Note 1: The pulse generator has the following characteristics: duty cycle ^ 1%. Zqui ~ 50fl. 

Note 2: Ci_ includes probe and jig capacitance. 

FIGURE 13. Switching Times, Each Transistor (DS75450 Only) 


TL/F/5824-28 


TL/F/5824-29 


INPUT 2.4V 10V 



0.4V 

Note 1: The pulse generator has the following characteristics: PRR = 1.0 MHz, Zqut ~ 50tl. 


Note 2: C|_ includes probe and jig capacitance. 

Note 3: When testing DS75450, connect output V to transistor base and ground the substrate terminal. 


TL/F/5824-30 



FIGURE 14. Switching Times of Complete Drivers 


TL/F/5824-31 




AC Test Circuits and Switching Time Waveforms (Continued) 




\ 


Note 1: The pulse generator has the following characteristics: PRR = 12.5 kHz, Zqut ~ 50fl. TL/F/5824-33 

Note 2: When testing DS75450, connect output V to transistor base with a 60011 resistor from there to ground and ground the substrate terminal. 
Note 3: Ci_ includes probe and jig capacitance. 

FIGURE 15. Latch-UP Test of Complete Drivers 


Typical Performance Characteristics 



0 -to -20 -30 -40 

HIGH-LEVEL OUTPUT CURRENT (tnA) 

TL/F/5824-34 

FIGURE 16. DS75450 TTL Gate High-Level Output 
Voltage vs High-Level Output Current 



P 10 20 40 70 100 200 400 

< 

^ COLLECTOR CURRENT (mA) 

TL/F/5824-35 

FIGURE 17. DS75450 Transistor Static Forward Current 
Transfer Ratio vs Collector Current 




Typical Performance Characteristics (Continued) 


> 1.0 )-'B 

ui L (NOTE 8) 




IIIIIKII 

man 


10 20 40 70 100 200 400 

COLLECTOR CURRENT (mA) 

TL/F/5824-36 

FIGURE 18. DS75450 Transistor Base-Emitter 
Voltage vs Collector Current 


s 10 20 40 70 100 200 400 

COLLECTOR CURRENT (mA) 

TL/F/5824-37 

FIGURE 19. Transistor Collector-Emitter Saturation 
Voltage vs Collector Current 


Typical Applications 


14 13 12 11 10 9 


n ^2 3 4 S 6 7 


Y = G ♦ A1 • A2 ♦ A1 ■ A2 


FIGURE 20. Gated Comparator 



FIGURE 21. 500 mA Sink 
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Typical Applications (Continued) 



This side can perform the same or another function. 


FIGURE 22. Floating Switch 


TL/F/5824-40 
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Typical Applications (Continued) 


14 13 12 


n 10 9 [8 

subI 


-10V OR NEGATIVE 
SUPPLY OR MOS CIRCUIT 


T\ n B V 


FIGURE 25. Dual TTL-to-MOS Driver 



-10V OR NEGATIVE 
SUPPLY OF MOS CIRCUIT 


FIGURE 26. Dual MOS-to-TTL Driver 



Termination is made at the receiving end as foliows: 
Line 1 is terminated to ground through Zq/Z; 

Line 2 is terminated to + 5V through Zq/Z; 
where Zq is the line impedance. 


TL/F/5824-45 

FIGURE 27. Balanced Line Driver 
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Typical Applications (Continued) 


R* 



FIGURE 28. Dual Lamp or Relay Driver 


TL/F/5824-46 



COMPLEMENTARY 0 UTPUTS FOR: 
GO/NO-GO INDICATORS 
MOS CLOCK DRIVERS 
BIPOLAR RELAYS 


FIGURE 29. Complementary Driver 


TL/F/5824-47 
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Typical Applications (Continued) 




FIGURE 30. TTL or DTL Positive Logic-Level Detector 



*The two input resistors must be adjusted for the levei of MOS input. 

FIGURE 31. MOS Negative Logic-Level Detector 



FIGURE 32. Logic Signal Comparator 


TL/F/5824-48 


TL/F/5824-49 


TL/F/5824-50 
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Typical Applications (Continued) 



•It inputs are unused, they should be connected to +5Vthrougha Ikresistor. TL/F/5824-51 


OUTPUT 


'innririr': 

“innnnnr: 

OrLTU 


Low output occurs only when inputs are low simuitaneousiy. TL/F/5824-52 

FIGURE 33. In-Phase Detector 



TL/F/5824-53 


FIGURE 34. Multifunction Logic-Signai Comparator 
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National 

Semiconductor 


DS55461/2/3/4, DS75461/2/3/4 
Series Dual Peripheral Drivers 


General Description 

The DS55461/2/3/4 series of dual peripheral drivers are 
functionally interchangeable with DS55451/2/3/4 series 
peripheral drivers, but are designed for use in systems that 
require higher breakdown voltages at the expense of slightly 
slower switching speeds. Typical applications include power 
drivers, logic buffers, lamp drivers, relay drivers, MOS driv- 
ers, line drivers and memory drivers. 

The DS55461/DS75461, DS55462/DS75462, DS55463/ 
DS75463 and DS55464/DS75464 are dual peripheral AND, 
NAND, OR and NOR drivers, respectively, (positive logic) 
with the output of the logic gates internally connected to the 
bases of the NPN output transistors. 


Features 

■ 300 mA output current capability 

■ High voltage outputs 

■ No output latch-up at 30V 

■ Medium speed switching 

■ Circuit flexibility for varied applications and choice of 
logic function 

■ TTL compatible diode-clamped inputs 

■ Standard supply voltages 


Connection Diagrams (Dual-ln-Line and Metal Can Packages) 


Vcc B2 A2 Y2 

I' I’ !■ | i 





r T I' 

A1 B1 Y1 GND 

TL/F/5825-1 

Top View 

Order NumberDS55461J-8, 
DS75461J-8 or DS75461N 


Vcc B2 A2 Y2 



A1 Bt Y1 GNO 

TL/F/5825-2 

Top View 

Order Number DS55462J-8, 
DS75462J-8 or DS75462N 



A1 B1 Yl GND 

TL/F/5825-3 

Top View 


Order Number DS55463J-8, 
DS75463J-8 or DS75463N 


i 

m 

m 

■ 

1 


m 

m 

a 

■ 

■ 


A1 B1 Yl GND 

TL/F/5825-4 


Top View 

Order NumberDS55464J-8, 
DS75464J-8 or DS75464N 


See NS Package Numbers J08A or N08E 


Vcc 



Pin 4 is in eiectricai contact 
with the case. 


Order Number 
DS55461Hor DS75461H 



Pin 4 is in eiectricai contact 
with the case. 


Order Number 
DS55462H or DS75462H 


Vcc 



with the case. 

Order Number 
DS55463H or DS75463H 


Vcc 



Pin 4 is in electrical contact 
with the case. 


Order Number 
DS55464H or DS75464H 


See NS Package Number H08C 
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DS55461/DS55462/DS55463/DS55464/DS75461/DS75462/DS75463/DS75464 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availabiiity and specifications. 

Supply Voltage (Note 2) 7V 

Input Voltage 5.5V 

Inter-emitter Voltage (Note 3) 5.5V 

Output Voltage (Note 4) 

DS55461 /DS75461 , DS55462/DS75462, 35V 

DS55463/DS75463, DS55464/DS75464 
Output Current (Note 5) 

DS55461 /DS75461 , DS55462/DS75462, 300 mA 

DS55463/DS75463, DS55464/DS75464 
Maximum Power Dissipation* at 25°C 
Cavity Package 1 090 mW 

Molded Package 957 mW 

TO-5 Package 760 mW 

•Derate cavity package 7.3 mW/”C above 25°C; derate molded package 7.7 
mW/°C above 25°C; derate TO-5 package 5.1 mW/'C above 25°C. 

Electricai Characteristics 

DS55461/DS75461, DS55462/DS75462, DS55463/DS75463, 


Symbol 


Parameter 


V|H High Level Input Voltage (Figure 1) 


V|L Low Level Input Voltage (Figure 1) 


V| Input Clamp Voltage Vcc = Min, l| = -12 mA 


Vql Low Level Output Voltage 


Storage Temperature Range -65°Cto -M50°C 

Lead Temperature (Soldering, 4 seconds) 260°C 

Operating Conditions 

Min Max Units 

Supply Voltage (Vcc) 

DS5546X 4.5 5.5 V 

DS7546X 4.75 5.25 V 

Temperature (Ta) 

DS5546X -55 -M25 °C 

DS7546X 0 +70 °C 


, DS55464/DS75464 (Notes 6 and 7) 


Conditions 


Max Units 


V 


Vcc = Mio. (Figure 1) 


DS55461, V|L = 0.8V 


DS55462, ViH = 2V 


DS55463, V|L = 0.8V 


DS55464, V|H = 2V 


DS75461, V|L = 0.8V 


DS75462, ViH = 2V 


DS75463, V|L = 0.8V 


DS75464, ViH = 2V 


Vcc — Min, VoH 35V, 
(Figure 1) 



V|L = 0.8V 


Iql = 100 mA 


0.15 

0.5 

V 

Iql = 300 mA 


0.36 

0.8 

V 

Iql = 100 mA 


0.16 

0.5 

V 

Iql = 300 mA 


0.35 

0.8 

V 

Iql = 100 mA 


0.18 

0.5 

V 

Iql = 300 mA 


0.39 

0.8 

V 

Iql = 100 mA 


0.17 

0.5 

V 

Iql = 300 mA 


0.38 

0.8 

V 

Iql = 100 mA 


0.15 

0.4 

V 

Iql = 300 mA 


0.36 

0.7 

V 

Iql =100 mA 


0.16 

0.4 

V 

Iql = 300 mA 


0.35 

0.7 

V 

Iql = 100 mA 


0.18 

0.4 

V 

lOL = 300 mA 


0.39 

0.7 

s 

Iql = 100 mA 


0.17 

0.4 

D 

Iql = 300 mA 


0.38 

0.7 

V 

DS55461, 

DS55463 



300 

jaA 

DS75461, 

DS75463 



100 

(xA 

DS55462, 

DS55464 



300 

jd,A 

DS75462, 

DS75464 



100 

jaA 


















































































































Electrical Characteristics 

DS55461 /DS75461 , DS55462/DS75462, DS55463/DS75463, DS55464/DS75464 (Notes 6 and 7) (Continued) 


Symbol 



Parameter 


Input Current at Maximum 
Input Voltage 


High Level Input Current 


Low Level Input Current 


Supply Current 



Conditions 


Vcc = Max, V| = 5.5V, (Figures) 


Vcc = Max, V| = 2.4V, (Figures) 


Vcc = Max,V| = 0 Ay .(Figures) 


Vcc = Max, Outputs 
High, (Figures 4 and 5) 



Vcc = Max, Outputs 
Low, (Figures 4 and 5) 






DS55461/ 

DS75461, 

DS55463/ 

DS75463 


DS55462/ 

DS75462 


DS55464/ 

DS75464 


DS55461/ 

DS75461 


S55463/ 

DS75463 


DS55462/ 

DS75462 


DS55464/ 

DS75464 


Max 

Units 

1 

mA 

40 

fiA 

-1.6 

mA 

11 

mA 

17 

mA 

19 

mA 

76 

mA 

76 

mA 

76 

mA 

85 

mA 


Switching Characteristics 

DS55461/DS75461, DS55462/DS75462, DS55463/DS75463, DS55464/DS75464 Vcc = 5V, Ta = 25°C 


Symbol 


tpLH 


Propagation Delay Time, 
Low-To-High Level Output 


Iq ~ 200 mA, C|_ = 15 pF, Rl = 50fl, 
(Figure 6) 



Propagation Delay Time 
High-To-Low Level Output 


Iq ~ 200 mA, C|_ = 15 pF, Rl = 50ft, 
(Figure 6) 


DS55461/ 

DS75461, 

DS55463/ 

DS75463 


DS55462/ 

DS75462, 

DS55464/ 

DS75464 


DS55461/ 

DS75461, 

DS55463/ 

DS75463 


DS55462/ 

DS75462, 

DS55464/ 

DS75464 


I 

I 

I 


Typ 

Max 

Units 

45 

55 

ns 

50 

65 

ns 

30 

40 

ns 

40 

50 

ns 
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Switching Characteristics 

DS55461/DS75461, DS55462/DS75462, DS55463/DS75463, DS55464/DS75464 Vcc = 5V, Ta = 25°C (Continued) 


Symbol 


tlLH 


Conditions 


Transition Time, Low-To- 
High Level Output 


Iq ~ 200 mA, Cl = 15 pF, Rl = 50fl, 
(Figure 6) 


Transition Time, High-To- 
Low Level Output 


DS55461/ 

DS75461 


DS55462/ 

DS75462 


DS55463/ 

DS75463 


DS55464/ 

DS75464 


DS55461/ 

DS75461 

DS55462/ 

lo== 200mA,CL-15pF,RL-50a 

DS75464 

DS55463/ 

DS75463 


High-Level Output Voltage Vs = 30V, Iq ~ 300 mA, (Figure 7) 
After Switching 


Note 1: "Absoulte Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Voltage values are with respect to network ground terminal unless otherwise specified. 

Note 3: This is the voltage between two emitters of a multiple-emitter transistor. 

Note 4: This is the maximum voltage which shoud be applied to any output when it is in the “OFF” state. 

Note 5: Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a short time interval must fall within 
the continuous dissipation rating. 

Note 6: Unless otherwise specified min/max limits apply across the - SS'C to + 125°C temperature range for the DS44XXX series and across the 0“C to + 70°C 
range for the DS75XXX series. All typicals are given for Vcc = + 5V and Ta = 25°C. 

Note 7: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless othewise noted. All values shown as 
max or min on absolute value basis. 




Vs -10 


Typ 

Max 

Units 

8 

20 

ns 

12 

25 

ns 

8 

25 

ns 

12 

20 

ns 

10 

20 

ns 

15 

20 

ns 

10 

25 

ns 



mV 
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Schematic Diagrams 
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DC Test Circuits 





Input 


Output 

Circuit 

Under 

Test 

Other 

Input 

Apply 

Measure 

DS55461 

V|H 

V|H 

Vqh 

lOH 


V|L 

Vcc 

lot 

Vql 

DS55462 

V|H 

V|H 

>OL 

Vql 


V|L 

Vcc 

Vqh 

Iqh 

DS55463 

V|H 

Gnd 

Vqh 

lOH 


V|L 

V|L 

>OL 

Vql 

DS55464 

V|H 

Gnd 

>OL 

Vql 


V|L 

V|L 

Vqh 

lOH 


Each input is tested separately. 

FIGURE 1. V|H, V,u, loH, VoL 


Note 1: Each input is tested separately. 

Note 2: When testing DS55463/DS75463 and DS75464, input not under 
test is grounded. For all other circuits it is at 4.5V. 

FIGURE 2. V|, l|L 


CIRCUIT |y 
UNDER r— O OPEN 
B, A test 


Each input is tested separateiy. 

FIGURE 3. I|, l|H 
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DC Test Circuits (Continued) 


Vcc OPEN 




Both gates are tested simultaneously. 

FIGURE 4. IccH. ICCL for AND, NAND Circuits 


Both gates are tested simultaneously. 

FIGURE 5. IccH. IccL for OR, NOR Circuits 


Switching Characteristics 


INPUT 2.4V 


PULSE 

GENERATOR 
(NOTE 1) 


DS55463 ' 
0S55454 . 


VI i i i 


— J — Cl = 15pF 
(NOTE 2) 


Note 1: The pulse generator has the following characteristics; 

PRR = 1 MHz, ZouT = son. 

Note 2: Cl includes probe and jig capacitance. 


fm. 

INPUT / 

0S5S4G2 .. 1 SV 

OS55464 / 

t0"/o- 



FIGURE 6. Switching Times of Complete Drivers 
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Switching Characteristics (Continued) 


Vs = 30V 



TL/F/5825-20 



OUTPUT 


\ 


Note 1: The pulse generator has the following characteristics: 
PRR = 1.25 kHz, Zqut = soil. 

Note 2: C|_ Includes probe and jig capacitance. 


FIGURE 7. Latch-Up Test of Complete Drivers 


■VoL 


TL/F/5825-21 
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National 

Semiconductor 


DS2001/jaA9665/DS2002/jaA9666 
DS2003/jaA9667/DS2004/jaA9668 
High Current/Voltage Darlington Drivers 


General Description 

The DS2001 //i,A9665/DS2002/fjiA9666/DS2003/;xA9667 
DS2004/JU.A9668 are comprised of seven high voltage, high 
current NPN Darlington transistor pairs. All units feature 
common emitter, open collector outputs. To maximize their 
effectiveness, these units contain suppression diodes for 
inductive loads and appropriate emitter base resistors for 
leakage. 

The DS2001 /p,A9665 is a general purpose array which may 
be used with DTL, TTL, PMOS, CMOS, etc. Input current 
limiting is done by connecting an appropriate discrete resis- 
tor to each input. 

The DS2002/fi,A9666 version does away with the need for 
any external discrete resistors, since each unit has a resis- 
tor and a Zener diode in series with the input. The DS2002/ 
/J.A9666 was specifically designed for direct interface from 
PMOS logic (operating at supply voltages from 14V to 25V) 
to solenoids or relays. 

The DS2003/p,A9667 has a series base resistor to each 
Darlington pair, thus allowing operation directly with TTL or 
CMOS operating at supply voltages of 5.0V. 


The DS2004/p,A9668 has an appropriate input resistor to 
allow direct operation from CMOS or PMOS outputs operat- 
ing from supply voltages of 6.0V to 15V. 

The DS2001 //LiA9665/DS2002/ju,A9666/DS2003/jLiA9667 
DS2004 /)liA 9668 offer solutions to a great many interface 
needs, including solenoids, relays, lamps, small motors, and 
LEDs. Applications requiring sink currents beyond the capa- 
bility of a single output may be accommodated by parallel- 
ing the outputs. 

Features 

H Seven high gain Darlington pairs 
a High output voltage (Vce = 50V) 

■ High output current (Ic = 350 mA) 

■ DTL, TTL, PMOS, CMOS compatible 

■ Suppression diodes for inductive loads 

■ Extended temperature range 


Connection Diagram 


16-Lead DIP 


IN A* 
IN B- 
IN C- 
IN D* 
IN E- 
IN F- 
IN G- 
GND- 


1_ 


16 

2_ 


r 

15 

^ 



14 

4_ 

— 1^— 


13 

^ 

I ^ 


12 

^ 



11 

7_ 



10 

8_ 

{^0 




9 


— 1 — 



■OUT A 
•OUT B 
•OUT C 
•OUT D 
•OUT E 
•OUT F 
•OUT G 
•COMMON 


Top View 

Order Number DS2001CN, jnA9665PC, DS2002CN, p,A9666PC, 

DS2003CN, /HA9667PC or DS2004CN, jiiA9668PC 
See NS Package Number N16A 

Order Number DS2001CJ, mA 9665DC, DS2002CJ, DS2002MJ, jaA9666DC, 

]aA9666DM, DS2003CJ, DS2003MJ, juA9667DC, /xA9667DM or DS2004CJ, DS2004MJ, ju.A9668DC, p.A9668DM 

See NS Package Number J16A 
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DS2001/jnA9665/DS2002/jLiA9666/DS2003/jiiA9667/DS2004/jLiA9668 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Storage Temperature Range 


Ceramic DIP 

-65°Cto +175°C 

Molded DIP 

-65°Cto -M50°C 

Operating Temperature Range 


DS2002M//J.A9666M 

-55°Cto +125°C 

DS2003M/p,A9667M 

-55°Cto -M25*C 

DS2004M/fiA9668M 

-55°Cto +125°C 

DS2001/jxA9665C 

0°Cto +70“C 

DS2002/(xA9666C 

0°Cto +70°C 

DS2003//XA9667C 

0°CtO -f-70*C 

DS2004/|xA9668C 

0°Cto -t-70*C 

Lead Temperature 


Ceramic DiP (Soidering, 60 seconds) 

300°C 

Molded DIP (Soldering, 10 seconds) 

265°C 


Maximum Power Dissipation* at 25°C 
Cavity Package 1 500 mW 

Molded Package 1040 mW 

•Derate cavity package 10 mW/°C above 25°C; derate molded DIP package 


8.3 mW/“C above 25‘C. 


Input Voltage 

30V 

Output Voltage 

55V 

Emitter-Base Voltage 

6.0V 

Continuous Coliector Current 

500 mA 

Continuous Base Current 

25 mA 


Electrical Characteristics Ta = 25°C, unless otherwise specified (Note 2) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ICEX 

Output Leakage 
Current 

Ta = 70°C for Commercial 
Vce = 50V (Figure 1a) 



100 

jaA 

Vce = 50V, V| = 6.0V (Figure 1b) 

DS2002/JU.A9666 



500 

Vce = 50V, V| = 1.0V (Figure 1b) 

DS2004/JU.A9668 



500 

VcE(Sat) 

Collector-Emitter 
Saturation Voltage 

Ic = 350 mA, Ib = 500 ftA (Figure 2) (Note 3) 


1.25 

1.6 

V 

Ic = 200 mA, Ib = 350 f*A (Figure 2) 


1.1 

1.3 

Ic = 100 mA, Ib = 250 jxA (Figure 2) 


0.9 

1.1 

>l(ON) 

Input Current 

V| = MM (Figure 3) 

DS2002/;aA9666 


0.85 

1.3 

mA 

V| = 2. Q5M (Figures) 

DS2003/JU.A9667 


0.93 

1.35 

V| = 5.QN (Figures) 

DS2004/)j,A9668 


0.35 

0.5 

V| = ^2M (Figure 3) 


1.0 

1.45 

l|(OFF) 

Input Current 
(Note 4) 

Ta = 70°C for Commercial 
Ic = 500 jaA (Figure 4) 

50 

65 


juA 

V|(ON) 

Input Voltage 
(Note 5) 

Vce = 2.0V, Ic = 300 mA (Figures) 

DS2002/jmA9666 



13 

V 

Vce = 2.0V, Ic = 200 mA (Figures) 

DS2003/jliA9667 



mm 

Vce = 2.0V, Ic = 250 mk (Figures) 



mm 

Vce = 2.0V, Ic = 300 mk (Figures) 



3.0 

Vce = 2.0V, Ic = 125 mA (Figure S) 

DS2004/)ttA9668 



5.0 

Vce = 2.0V, Ic = 200 mA (Figures) 



6.0 

Vce = 2.0V, Ic = 275 mA (Figures) 



7.0 

Vce = 2.0V, Ic = 350 mA (Figure S) 



8.0 

hFE 

DC Forward Current 
Transfer Ratio 

Vce 2.0V, Ic = 350 mA (Figure 2) 

DS2001//itA9665 

1000 




C| 

input Capacitance 



15 

30 

pF 

tpLH 

Turn-On Delay 

0.5 V| to 0.5 Vo 


1.0 

5.0 

p.s 

tpHL 

Turn-Off Delay 

0.5 V| to 0.5 Vo 


1.0 

5.0 

)XS 

Ir 

Clamp Diode 
Leakage Current 

Vr = SON (Figure 6) 



50 

jxk 

Vf 

Clamp Diode 
Forward Voitage 

Ip = 350 mA (Figure 7) 


1.7 

2.0 

V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics” provide conditions for actual device operation. 

Note 2: All limits apply to the complete Darlington series except as specified for a single device type. 

Note 3: Under normal operating conditions these units will sustain 350 mA per output with Vce (Sat) = 1 -6V at 70”C with a pulse width of 20 ms and a duty cycle of 
30%. 

Note 4: The h(OFF) current limit guaranteed against partial turn-on of the output. 

Note 5: The V|(on) voltage limit guarantees a minimum output sink current per the specified test conditions. 
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INPUT CURRENT - mA COaEaOR CURRENT 


Typical Performance Characteristics 


Collector Current vs 
Saturation Voltage 


1 1 TYPICAL — < 

1 (2 PARALLELED DEVICES)'^ 

• 600 1 1 1 1 — T- 


i TYPICAL 

200 - (SINGLE DEVICE) — S 


0 05 1J) 15 

SATURATION VOLTAGE - V 


DS2003/jxA9667 
Input Current vs 
Input Voltage 


■ 

B 

SS^^nB 

■ 

B 

niaBBnn 

■ 

Ban 



as 

■ 

^bh^bb 

mm 

■ 

nnnn 

B 

B 

B 

BBSS 


20 35 45 SjQ 65 75 85 9j0 
INPUT VOLTAGE - V 


Collector Current vs 
Input Current 

'I I I / I J 

TYPICAL^' MAX /I 


200 400 600 

INPUT CURRENT - nk 


DS2004/p.A9668 
Input Current vs 
Input Voltage 



55 65 75 85 95 10 11 12 

INPUT VOLTAGE - V 

Peak Collector Current vs 
Duty Cycle and Number of 
Outputs (Ceramic Package) 


inVVHML 



DS2002/;liA9666 
Input Current vs 
Input Voltage 



12 14 16 18 20 22 24 26 

INPUT VOLTAGE - V 

TL/F/9647-6 

Peak Collector Current vs 
Duty Cycle and Number of 
Outputs (Molded Package) 



20 40 60 80 100 

DUTY CYCLE - 7. 

TL/F/9647-18 


0 20 40 60 80 100 

DUTY CYaE - % 

TL/F/9647-19 
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d'Hli 


Equivalent Circuits 


DS2001//XA9665 



DS2003/M9667 
2.7 kH 


7.2kA S.OkA 


DS2002/M9666 
7-0 V io.5kU 


■ COMMON DS200VM9668 

•OUT 


7.2 kO 3.0 kn 


7.2 ka 3.0 ka 


Test Circuits 




FIGURE la 


FIGURE 1b 


OPEN +50 V 

Z ©'c y, 


FIGURE 2 
OPEN 



FIGURE 4 




FIGURE 6 
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Safe Operating Areas for 
Peripheral Drivers 


National Semiconductor 
Application Note 213 
Bill Fowler 



Peripheral Drivers is a broad definition given to Interface 
Power devices. The devices generally have open-collector 
output transistors that can switch hundreds of milliamps at 
high voltage, and are driven by standard Digital Logic gates. 
They serve many applications such as: Relay Drivers, Prin- 
ter Hammer Drivers, Lamp Drivers, Bus Drivers, Core Mem- 
ory Drivers, Voltage Level Transistors, and etc. Most IC de- 
vices have a specified maximum load such as one TTL gate 
can drive ten other TTL gates. Peripheral drivers have many 
varied load situations depending on the application, and re- 
quires the design engineer to interpret the limitations of the 
device vs its application. The major considerations are Peak 
Current, Breakdown Voltage, and Power Dissipation. 

OUTPUT CURRENT AND VOLTAGE CHARACTERISTICS 

Figure 1 shows the circuit of a typical peripheral driver, the 
DS75451 . The circuit is equivalent to a TTL gate driving a 
300 mA output transistor. Figure 2 shows the characteristics 
of the output transistor when it is ON and when it is OFF. 
The output transistor is capable of sinking more than one 
amp of current when it is ON, and is specified at a Vql = 
0.7V at 300 mA. The output transistor is also specified to 
operate with voltages up to 30V without breaking down, but 
there is more to that as shown by the breakdown voltages 
labeled BVCES, BVCER, and LVCEO. 


Vcc Vcc Vcc 



FIGURE 1. Typical Peripheral Driver DS75451 


BVCES corresponds to the breakdown voltage when the 
output transistor is held off by the lower output transistor of 
the TTL gate, as would happen If the power supply (Vcc) 
was 5V. BVCER corresponds to the breakdown voltage 
when the output transistor is held off by the 500 resistor, as 
would happen if the power supply (Vcc) was off (OV). 
LVCEO corresponds to the breakdown voltage of the output 
transistor if it could be measured with the base open. 
LVCEO can be measured by exceeding the breakdown volt- 
age BVCES and measuring the voltage at output currents of 
1 to 10 mA on a transistor curve tracer (LVCEO is some- 


times measured in an Inductive Latch-Up Test). Observe 
that all breakdown voltages converge on LVCEO at high 
currents, and that destructive secondary breakdown voltage 
occurred (shown as dotted line) at high currents and high 
voltage corresponding to exceeding the power dissipation 
of the device. The characteristics of secondary breakdown 
voltage vary with the length of time the condition exists, 
device temperature, voltage, and current. 


•c 



TL/F/5860-2 

FIGURE 2. Output Characteristics ON and OFF 

OUTPUT TRANSFER CHARACTERISTICS VS 
INDUCTIVE AND CAPACITIVE LOADS 

Figure 3 shows the switching transfer characteristics super- 
imposed on the DC characteristics of the output transistor 
for an inductive load. Figure 4 shows the switching transfer 
characteristics for a capacitor load. In both cases in these 
examples, the load voltage (Vg) exceeds LVCEO. When the 
output transistor turns on with an inductive load the initial 
current through the load is 0 mA, and the transfer curve 
switches across to the left (Vql) arid slowly charges the 
inductor. When the output transistor turns off with an induc- 
tive load, the initial current is Iql. which is sustained by the 
inductor and the transistor cun/e switches across to the 
right (Vb) through a high current and high voltage area 
which exceeds LVCEO and instead of turning off (shown as 
dotted line) the device goes into secondary breakdown. It is 
generally not a good practice to let the output transistor’s 
voltage exceed LVCEO with an inductive load. 

In a similar case with a capacitive load shown in Figure 4, 
the switching transfer characteristics rotate counter-clock- 
wise through the DC characteristics, unlike the inductive 
load which rotated clockwise. Even though the switching 
transfer curve exceeds LVCEO, it didn’t go into secondary 
breakdown. Therefore, it is an acceptable practice to let the 
output transistor voltage exceed LVCEO, but not exceed 
BVCER with a capacitive load. 
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TL/F/5860-3 

FIGURE 3. Inductive Load Transfer Characteristics 


'c 



TL/F/5860-4 

FIGURE 4. Capacitive Load Transfer Characteristics 

Figure 5 shows an acceptable application with an inductive 
load. The load voltage (Vb) is less than LVCEO, and the 
inductive voltage spike caused by the initial inductive cur- 
rent is quenched by a diode connected to Vb- 


■c 



TL/F/5860-5 

FIGURE 5. Inductive Load Transfer Characteristics 
Clamped by Diode 


Figure 6 shows the switching transfer characteristics of a 
capacitive load which leads to secondary breakdown. This 
condition occurs due to high sustained currents, not break- 
down voltage. In this example, the large capacitor prevent- 
ed the output transistor from switching fast enough through 
the high current and high voltage region; in turn the power 
dissipation of the device was exceeded and the output tran- 
sistor went into secondary breakdown. 


•c 



TL/F/5860-6 

FIGURE 6. Capacitive Load Transfer Characteristics 

Figure 7 shows another method of quenching the inductive 
voltage spike caused by the initial inductive current. This 
method dampens the switching response by the addition of 
Rq and Cd. The values of Rq and Cq are chosen to critically 
dampen the values of Rl and Li,; this will limit the output 
voltage to 2 x Vb. 



TL/F/5860-7 

FIGURE 7. Inductive Load Dampened by Capacitor 

Figure 8 shows a method of reducing high sustaining cur- 
rents in a capacitive load. Rq in series with the capacitor 
(Cl) will limit the switching transistor without affecting final 
amplitude of the output voltage, since the IR drop across Rq 
will be zero after the capacitor is charged. 

As an additional warning, beware of parasitic reactance. If 
the driver’s load is located some distance from the driver 
(as an example: on the inclosure panel or through a con- 
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necting cable) there will be additional inductance and ca- 
pacitance which may cause ringing on the driver output 
which will exceed LVCEO or transient current that exceeds 
the sustaining current of the driver. A 300 mA current 
through a small inductor can cause a good size transient 
voltage, as compared with 20 mA transient current ob- 
served with TTL gates. For no other reason than to reduce 
the noise associated with these transients, it is good prac- 
tice to dampen the driver’s output. 

In conclusion, transient voltage associated with inductive 
loads can damage the peripheral driver, and transient cur- 
rents associated with capacitive loads can also damage the 
driver. In some instances the device may not exhibit failure 
with the first switching cycle, but its conditions from ON to 
OFF will worsen after many cycles. In some cases the de- 
vice will recover after the power has been turned off, but its 
long term reliability may have been degraded. 

POWER DISSIPATION 

Power Dissipation is limited by the IC Package Thermal 
Reactance and the external thermal reactance of the envi- 
ronment (PC board, heat sink, circulating air, etc.). Also, the 
power dissipation is limited by the maximum allowable junc- 
tion temperature of the device. There are two contributions 
to the power: the internal bias currents and voltage of the 


device, and the power on the output of the device due to the 
Driver Load. 

POWER LIMITATIONS OF PACKAGE 

Figure 9 shows the equivalent circuit of a typical power de- 
vice in its application. Power is shown equivalent to electri- 
cal current, thermal resistance is shown equivalent to elec- 
trical resistance, the electrical reactance C and L are equiv- 
alent to the capacity to store heat, and the propagation de- 
lay through the medium. There are two mediums of heat 
transfer; conduction through mass and radiant convection. 
Convection is insignificant compared with conduction and 
isn’t shown in the thermal resistance circuits. From the point 
power is generated (device junction) there are three possi- 
ble paths to the ultimate heat sink: 1) through the device 
leads; 2) through the device surface by mechanical connec- 
tion; and 3) through the device surface to ambient air. In all 
cases, the thermal paths are like delay lines and have a 
corresponding propagation delay. The thermal resistance is 
proportionai to the length divided by the cross sectional 
area of the material. The Thermal Inductance is proportional 
to the length of the material (copper, molding compound, 
etc.) and inversely proportional to the cross sectional area. 
The thermal capacity is proportional to the volume of the 
material. 


FIGURE 8. Capacitive Load with Current Limiting Resistor 


TdEVICEPINv 
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FiGURE 9. Thermal Reactance from Junction to Ambient 
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DEVICE 

PIN 


TL/F/5860-10 

FIGURE 10. Components of Thermal Reactance 
for a Typical IC Package 

National Semiconductor specifies the thermal resistance 
from device junction through the device leads soldered in a 
small PC board, measured in one cubic foot of still air. Fig- 
ure 1 1 shows the maximum package power rating for an 8 
pin Molded, an 8 pin Ceramic, 14 pin Molded and a 14 pin 
Ceramic package. The slope of the line corresponds to ther- 
mal resistance (<()ja = AP/AT). 



AMBIENT TEMPERATURE (°C) 

TL/F/5860-11 

FIGURE 11. Maximum Package Power Rating 

The maximum allowable junction temperature for ceramic 
packages is 175°C: operation above this temperature will 
reduce the reliability and life of the device below an accept- 
able level. At a temperature of 500°C the aluminum metalli- 
zation paths on the die start to melt. The maximum allowa- 
ble junction temperature for a molded device is 150°C, oper- 
ations above this may cause the difference in thermal ex- 
pansion between the molding compound and package lead 
frame to sheer off the wire bonds from the die to the pack- 
age lead. The industry standard for a molded device is 
150°C, but National further recommends operation below 
135°C if the device in its application will encounter a lot of 
thermal cycling (such as powered on and off over its life). 
The way to determine the maximum allowable power dissi- 
pation from Figure 1 1, is to project a line from the maximum 
ambient temperature (Ta) of the application vertically 
(shown dotted in Figure 12), until the line intercepts the di- 
agonal line of the package type, and then project a line 
(shown dotted) horizontally until the line intercepts the Pow- 
er Dissipation Axis (Pmax)- 



25 50 75 100 125 150 

AMBIENT TEMPERATURE rC) 

TUF/5860-12 

FIGURE 12. Maximum Package Rating Copper vs 
Kovar Lead Frame Packages 

Figure 11 shows that 14 pin packages have less thermal 
resistance than 8 pin packages; which should be expected 
since it has more pins to conduct heat and has more sur- 
face area. Something that may not be expected is that the 
Thermal Resistance of the molded devices is comparable to 
the ceramic devices. The reason for the lower thermal re- 
sistance of the molded devices is the Copper lead frame, 
which is a better thermal conductor than the Kovar lead 
frame of the ceramic package. Almost all the peripheral 
drivers made by National Semiconductor are constructed 
with Copper lead frames (refer to (f)jA on the specific devic- 
es data sheet). The difference between the thermal resist- 
ance of Copper and Kovar in a molded package is shown in 
Figure 12. 

Another variance in thermal resistance is the size of the IC 
die. If the contact area to the lead frame is greater, then the 
thermal resistance from the Die to the Lead Frame is re- 
duced. This is shown in Figure 13. The thermal resistance 
shown in Figure 1 1 corresponds to die that are 6000 mi|2 in 
area. 



Ik 2k 5k 10k 

DIE SIZE (MIL^) 

TL/F/5860-13 

FIGURE 13. Thermal Resistance vs Die Size 

In most applications the prime medium for heat conduction 
is through the device leads to the PC board, but the thermal 
resistance can be significantly improved by cooling air driv- 
en across the surface of the package. The conduction to air 
is limited by a stagnant film of air at the surface of the pack- 
age. The film acts as an additional thermal resistance. The 
thickness of the film is proportional to its resistance. The 
thickness of the film is reduced by the velocity of the air 
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across the package as shown in Figure 14. In most cases, 
the thermal resistance is reduced 25% to 250 linear feet/ 
min, and 30% at 500 linear feet/min, above 500 linear feet/ 
min the improvement flattens out. 



0 SCO Ik 

AIR FLOW (LINEAR FEET/MIN) 

TL/F/5060-14 

FIGURE 14. Thermal Resistance vs Air Velocity 

The thermal resistance can also be improved by connecting 
the package to the PC board copper or by attaching metal 
wings to the package. The improvement by these means is 
outside the control of the 1C manufacturer, but is available 
from the manufacturer of the heat sink device. If the 1C is 
mounted in a socket rather than soldered to a PC board, the 
thermal resistance through the device leads will worsen. In 
most cases, the thermal resistance is increased by 20%; 
again this is a variable subject to the specific socket type. 
The maximum package rating shown in this note corre- 
sponds to a 90% confidence level that the package will 
have thermal resistance equal to or less than the value 
shown. The thermal resistance varies ±5% about the mean 
due to variables in assembly and package material. 

CALCULATIONS OF POWER DISSIPATION 

Most 1C devices (such as T2L) operate at power levels well 
below the device package rating, but peripheral drivers can 
easily be used at power levels that exceed the package 
rating unknowingly, if the power dissipation isn’t calculated. 
As an example, the DS3654 Ten Bit Printer Driver could 
dissipate 3 watts (DC and, even more AC), and it is only in a 
0.8 watt package. In this example, the device would be de- 
stroyed in moments, and may even burn a hole in the PC 
board it is mounted on. The DS3654 data sheet indicated 
that the 1 0 outputs could sink 300 mA with a Vql of 1 volt, 
but it wasn’t intended that all the outputs would be sinking 
this current at the same time, and if so, not for a long period. 
The use of the DS3654 requires that the power be calculat- 
ed vs the duty cycle of the outputs. 

The DC power dissipation is pretty obvious, but in another 
example, a customer used the DS3686 relay driver to drive 
6.5h inductive load. The DS3687 has an internal clamp net- 
work to quench the inductive back swing at 60V. At 5 Hz the 
device dissipates 2 watts, with transient peaks up to 11 
watts. After 1 5 minutes of operation, the driver succumbs to 
thermal overload and becomes non-functional. The DS3687 
was intended for telephone relay, which in most applications 
switches 20 times a day. 

Peripheral driver will dissipate peak power levels that greatly 
exceed the average DC power. This is due to the capacity of 
the die and package to consume the transient energy while 
still maintaining the junction temperature at a safe level. 


This capacity is shown as a capacitor in Figure 9. In the lab 
(under a microscope) a device may be observed to glow 
orange around the parameter of the junction under exces- 
sive peak power without damage to the device. Figure 15 
shows a plot of maximum peak power vs applied time for 
the DS3654, and the same information plotted as energy vs 
applied time. To obtain these curves, the device leakage 
current when it switches off was used to monitor device 
limitation. Note in Figure 15 there is a transition in the curve 
about 10 )xs. At this point, the thermal capacity of the die 
has been exceeded. The thermal delay to the next thermal 
capacity (the package) was too long, and limited the peak 
power. These levels are not suggested operating levels, but 
an example of a Peripheral Driver to handle peak transient 
power. 
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TL/F/5860-15 

FIGURE 15. Peak Power and Energy vs the 
Period of Time the Power was Applied 

To calculate power dissipation, the only information avail- 
able to the design engineer is the parametric limits in the 
device data sheet, and the same information about the load 
reactance. If the calculations indicate the device is within its 
limits of power dissipation, then using those parametric lim- 
its is satisfactory. If the calculation of power dissipation is 
marginal, the parametric limits used in the calculations 
might be worst case at low temperature instead of high tem- 
perature due to a positive temperature coefficient (Tq) of 
resistance. 1C resistors and resistors associated with the 
load generally have a positive Tc- On the other hand, diodes 
and transistor emitter base voltages have a negative Tc: 
which may in some circuits negate the effect of the resistors 
Tc- Peripheral output transistors have a positive Tc associ- 
ated with Vql: while output Darlington transistors have a 
negative Tc at low currents and may be flat at high currents. 
Figure 16 shows an example of power dissipation vs tem- 
perature; note that the power dissipation at the application’s 
maximum temperature (Ta) was less than the power dissi- 
pation at lower temperatures. Since maximum junction tem- 
perature is the concern of the calculation, then maximum 
ambient temperature power should be used. The junction 
temperature may be determined by projecting a line (shown 
dotted in Figure 16), with a slope proportional to <J>ja back to 
the horizontal axis (shown as Tj). If the point is below the 
curve then Tj will be less than 150°C. Tj must not exceed 
the maximum junction temperature for that package type. In 
this example, Tj is less than 150°C as required by a molded 
package. To calculate the power vs temperature, it is neces- 
sary to characterize the device parameters vs temperature. 
Unfortunately, this information is not always provided by 1C 
manufacturers in the device data sheets. A method to calcu- 
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late Icc vs temperature is to measure a device, then normal- 
ize the measurements vs the typical value for Icc in the data 
sheet, then worst case the measurements by adding 30%. 
Thirty percent is normally the worst-case resistor tolerance 
that 1C devices are manufactured to. 


DEVICE PACKAGE 

■rating 


„1 ^ T 

2S 50 75 too 125 150 

TEMPERATURE TO 

TL/F/5860-16 

FIGURE 16. IC Power Dissipation vs Temperature 

CALCULATION OF OUTPUT POWER WITH 
AN INDUCTIVE LOAD 

For this example, the device output circuit is similar to the 
DS3654 (10-Bit Printer Solenoid Driver) and the DS3686 
and DS3687 (Telephone Relay Driver) as shown in Figure 
17. Special features of the circuit type are the Darlington 
output transistors Q1 and Q2 and the zener diode from the 
collector of Q2 to the base of Q2. The Darlington output 
requires very little drive from the logic gate driving it and in 
turn dissipates less power when the output is turned ON and 
OFF, than a single saturating transistor output would. The 
zener diode (D^) quenches the inductive backswing when 
the output is turned OFF. 

Device and Load Characteristics Used for 
Power Calculation 


Vol 

Output Voltage ON 

1.5V 

Vc 

Output Clamp Voltage 

65V 

Vb 

Load Voltage 

30V 

Rl 

Load Resistance 

120n 

Ll 

Load Inductance 

5h 

Ton 

Period ON 

100 ms 

Toff 

Period OFF 

100 ms 

T 

Total Period 

200 ms 



Refer to Figure 18 voltage and current waveforms corre- 
sponding to the power dissipation calculated for this exam- 
ple of an inductive load. 

Pqn = Average power dissipation in device output 
when device is ON during total period (T) 

r = ^ = - 41.7 ms 

Rl 120n 

Rl 120 

I I /I 

Ip = Il(1 - e ) 

Ip = 237.5 mA(1 - e-100 ms/41.7 ms) 

Ip = 215.9 mA 

r, w . Ton r., fToN e-t/rdtl 
Pon = VolXIlx — [l-J^ 

PoN = VoL X II X 1^1 - “ e 

PoN = 1.5X237.5 mAx^[l-^(1-e-l00/4l.7)] 

PoN = 110.6mW 

Pqff = Average power dissipation in device output when 
device is OFF during total period (T) 

Vr - Vn 65 - 30 

Ir = — = = 291.7 mA 

^ Rl 120n 


/215.9 + 291.7\ 

tx = 41 .7 ms / n 1 = 23.1 ms 

\ 291.7 / 

tx r px e-t/i’dt 1 

Pqff = Vc X y |^(lp + Ir) J „ — ^ IrJ 

Pqff = Vc X j^(lp + Ir) X s-(1 - e - Ir| 

23.1 r 41.7 

Pqff = 65 X (215.9 mA + 291 .7 mA) 

200 L 23.1 


Pqff = 65 X (215.9 mA + 291 .7 mA) 

200 L 23.1 

(1 - e-23.1/41.7) - 291.7 mA 

Pqff = 736 mW ^ 

Pq = Average power dissipation in device output 
Pq = Pqn ■!■ Pqff ~ 110.6 + 736 = 846.6 mW 
In the above example, driving a 12011 inductive load at 5 Hz, 
the power dissipation exceeded a more simple calculation 
of power dissipation, which would have been; 

„ _ VoL (Vb - Vol) , , Ton 
r[ "" “ 


„ 1.5 30 - 1.5 100 ms 

Po = — x — — = 182.5 mW 

120 200 ms 

An error 460% would have occurred by not including the 
reactive load. The total power dissipation must also include 
other outputs (if the device has more than one output), and 
the power dissipation due to the device power supply cur- 
rents. This is an example where the load will most likely 
exceed the device package rating. If the load is fixed, the 
power can be reduced by changing the period (T) and duty 
rate (Tqn/Toff). 


- - TL/F/5860-17 

FIGURE 17. Peripheral Driver with Inductive Load 
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100 mi \ 


\ 


Ip 

TL/F/5860-18 

FIGURE 18. Voltage and Current Waveforms 
Corresponding to Inductive Load 


CALCULATION OF OUTPUT POWER 
WITH AN INCANDESCENT LAMP 

An incandescent lamp is equivalent to a reactive load. The 
reactance is related to the period of time required to heat 
the lamp and the filaments positive temperature coefficient 
of resistance. Figure 19 shows the transient response for a 
typical lamp used on instrument panels, and the equivalent 
electrical model for the lamp. Much like IC packages the 
lamp has a thermal circuit and its associated propagation 
delay. This lamp filament has an 8 ms time constant, and a 
longer 250 ms time constant from the lamp body to ambient. 
The DC characteristics are shown in Figure 20. Note the 
knee in the characteristics at 2 volts; this is where power 
starts to be dissipated in the form of light. This subject is 
important, since more peripheral drivers are damaged by 
lamps than any other load. 



TIME (ms) 


TL/F/5860-19 

FIGURE 19. Transient Response of 
an Incandescent Lamp 



0123456789 10 
LAMP VOLTAGE (V) 

TL/F/5860-20 

FIGURE 20. DC Characteristics of an Incandescent 
Lamp 

Figure 21 shows the transient response of a driver similar to 
a DS75451 driving the lamp characterized in Figures /9and 
20. The equivalent load doesn’t include the reactance of the 
lamp base to ambient, which has a 250 ms time constant, 
since 1 0 ms to an IC is equivalent to DC. The peak transient 
current was 1 amp, settling to 200 ms, with an 8 ms time 
constant. Observe the peak current is clamped at 1 amp, by 
the sinking ability of the driver; otherwise the peak current 
may have been 1 .2 amps. The DS75451 is only rated at 300 
mA, but it is reasonable to assume it could sink 1 amp be- 
cause of the designed force ^ required for switching re- 
sponse and worst case operating temperature. 



0 10 20 30 40 50 

TIME (ms) 

TL/F/5860-21 

FIGURE 21. Transient Incandescent Lamp Current 

Calculation of the energy dissipated by a peripheral driver 
for the transient lamp current shown in Figure 21 is shown 
above, and the plot of energy vs time is shown in Figure 22. 
Figure 22 also includes as a reference the maximum peak 
energy from Figure 15. It can be seen from Figure ^.2 that in 
this example there is a good safety margin between the 
lamp load and the reference max peak energy. If there were 
more drivers than one per package under the same load, 
the margin would have been reduced. Also, if the peripheral 
driver couldn’t saturate because it couldn’t sink the peak 
transient lamp current, then the energy would also reduce 
the margin of safe operation. 
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= lR2e-t/’- r = R2C2 
Energy = J^VqlOri + Ir 2 0 “*''’’) dt 

= VoL [iRit + Ir 27‘ (i - 0“*''’')] 

Given: Vql ~ 0.6V 

Iri = 0.2 Amps 
Iri + Ir 2 = 1 Amp 

A common technique used to reduce the 10 to 1 peak to DC 
transient lamp current is to bias the lamp partially ON, so 
the lamp filament is warm. This can be accomplished as 
shown in Figure 23. From Figure 20 it can be seen that the 
lamp resistance at OV is 5.7n, but at IV the resistance is 
18fl. At IV the lamp dosen't start to emit light. Using a lamp 
resistance of 100J1 and lamp voltage of 1V, Rg was calcu- 
lated to be approximately lOOn. This circuit will reduce the 
peak lamp current from 1 amp to 316 mA. 


Vb = 6.3V 



TL/F/5860-23 

FIGURE 23. Circuit Used to Reduce Peak 
Transient Lamp Current 

PERIPHERAL DRIVER SECTION 

National Semiconductor has a wide selection of peripheral 
drivers as shown in this section’s guide. The DS75451, 
DS75461, DS3631 and the DS3611 series have the same 
selection of logic function in an 8-pin package. The 
DS75461 is a high voltage selection of the DS75451 and 
may switch slower. The DS361 1 and DS3631 are very high 
voltage circuits and were intended for slow relay applica- 
tions. The DS3680, DS3686, and DS3687 were intended for 
56V telephone relay applications. The DS3654 contains a 
10-bit shift register followed by ten 250 mA clamped drivers. 
The DS3654 was intended for printer solenoid applications. 
High current and high voltage peripheral drivers find many 
applications associated with digital systems, and it is the 
intention of the application note to insure that reliability and 
service life of peripheral drivers equal or exceed the per- 
formance of the other logic gates made by National. 

For additional information, please contact the Interface Mar- 
keting Department at National or one of the many field ap- 
plication engineers worid-wide. 
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MOS/LSI DISPLAY DRIVERS 

National’s comprehensive family of display drivers provides 
direct interface to all of the common display technologies — 
light-emitting diode (LED), liquid crystal display (LCD), and 
vacuum fluorescent (VF). 

FUNCTION SIMILAR FAMILY 

Each driver utilizes a simple serial-data input channel, on- 
chip shift register, latches and buffer/driver outputs. The 
serial input channel allows direct interface to most micro- 
processors, including COPStm, NSCSOOtm, 8080 series, 
and TMS1000 series. Besides a serial-data input, each driv- 
er requires a clock input. Some offer a latch (data) input 
and/or data output for easy cascade interconnect of addi- 
tional drivers. 

Once loaded, the shift register data can be transferred to 
the on-chip latches, which then output to the buffer/driver 
and respective display. This buffer/driver is where each pro- 
vides the unique driver interface desired by the particular 
display technology — LED, LCD, or VF. 

THE MM58241 SERIES— VF 

Each of the products in the MM58241 series provides high- 
voltage (several up to 60V) drive of VF displays. All are ideal 


for direct or multiplexed interface to large complex VF panel 
arrays or 5 x 7 (or larger) dot-matrix character strings. Each 
of the drivers are cascadable for further expansion. Applica- 
tion note AN-371 provides further details and other applica- 
tion information. 

THE MM5450 SERIES— LED 

National’s MM5450 series of LED display drivers rounds out 
this comprehensive product family. This popular series of- 
fers direct drive of LED displays by providing up to 25 mA of 
current drive per LED segment. 


Many of the products in the display driver family utilize 
CMOS technology and are further evidence of National’s 
capabilities and commitment to CMOS/LSI — the technology 
of the ‘80s. 

In addition. National offers a line of bipolar segment and 
digit drivers with a broad range of output sink and source 
currents. 

Detailed features/functions of the 16-member display driver 
family are high-lighted in the following product guide. 


BLANKING 

CONTROL 



FIGURE 1. Typical Block Diagram 
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National 

SiA Semiconductor 

LSI Display Driver 
Selection Guide 

Display 

Technology 

Product 

Number 

Features 

Page 

No. 

Vacuum 

Fluorescent (VF) 

MM58241 

32-segment, direct/multiplexed drive to 60V, data enable, brightness control, 
cascadable, 40-pin DIP or 44-pin PCC package. 

4-82 

VF 

MM58242 

20-digit, direct/multiplexed drive to BOV, data enable, brightness control, 
cascadable, 28-pin DIP or PCC package. 

4-87 

VF 

MM58248 

35-segment, direct/multiplexed drive to 60V, pin-compatible to MM5448, 40-pin 
DIP or 44-pin PCC package. 

4-92 

VF 

MM58341 

32-segment, direct/multiplexed drive to 35V, data enable, brightness control, 
cascadable, 40-pin DIP or 44-pin PCC package. 

4-97 

VF 

MM58342 

20-digit, direct/multiplexed drive to 35V, data enable, brightness control, 
cascadable, 28-pin DIP or PCC package. 

4-102 

VF 

MM58348 

35-segment, direct/multiplexed drive to 35V, pin-compatible to MM5448, 40-pin 
DIP or 44-pin PCC package. 

4-107 

Liquid Crystal 
(LCD) 

MM5452 

32-segment, direct drive, serial-data input, data enable, on-chip backplane (B/P) 
oscillator, 40-pin DIP or 44-pin PCC package. 

4-50 

LCD 

MM5453 

33-segment, direct drive, serial-data input, B/P oscillator, 40-pin DIP or 44-pin 
PCC package. 

4-50 

LCD 

MM5483 

31 -segment, direct drive, serial-data input/output, latch (data) control, 40-pin DIP 
or 44-pin PCC package. 

4-65 

LCD 

MM58201 

Multiplexed drive, 192 segments (8 backplanes, 24 segments), 1 92-bit RAM, 
cascadable, R/C oscillator, serial-data input/output, 40-pin DIP or 44-pin PCC 
package. 

4-76 

Light-Emitting 
Diode (LED) 

MM5450 

34-segment, direct drive up to 25 mA, brightness control, data enable, 40-pin DIP 
or 44-pin PCC package. 

4-44 

LED 

MM5451 

35-segment, direct drive up to 25 mA, brightness control, 40-pin DIP or 44-pin 
PCC package. 

4-44 

LED 

MM5480 

23-segment, direct drive up to 25 mA, serial-data input, brightness control, 28-pin 
DIP package. 

4-57 

LED 

MM5481 

1 4-segment, direct drive up to 25 mA, serial-data input, brightness control, 20-pin 
DIP package. 

4-61 

LED 

MM5484 

16-segment, direct drive up to 10 mA, serial-data input/output, cascadable, 
22-pin DIP package. 

4-68 

LED 

MM5486 

33-segment, direct drive up to 25 mA, serial-data input/output, brightness 
control, latch (data) control, 40-pin DIP package. 
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Selection Guide 


LED Display Segment Drivers 


Device Number 
and Temperature Range 

Drivers/ 

Package 

1 lo/Segment (mA) 

VmAX(V) 

Comments 

Page 

No. 

Sink* 

(Common 

Anode) 

Source 

(Common 

Cathode) 

0°C to +70°C 

-55”Cto +125-C 

Input 

Supply 

DS75491 


4 

50 

50 

15 

10 



DS75493 

DS55493 

4 


30 

10 

10 

Programmable Constant 
Current 

H 

DS8654 


8 


50 

36 

36 


1 4-14 


•Digit drivers with output sink capability may be used to drive segments of "common anode” displays. 


LED Display Digit Drivers 


Device Number 
and Temperature Range 

Drivers/ 

Package 

1 lo/Digit(mA) | 

Vmax(V) 

Comments 

Page 

No. 

Sink 

(Common 

Anode) 

Source 

(Common 

Cathode) 

0°Cto +70°C 

-55°C to +125X 

Input 

Supply 

DS75491 


4 


50 

10 

10 


4-6 

DS75494 

DS55494 

6 

150 


10 

10 

Enable Control 

4-12 

DS75492 


6 

250 


10 

10 


4-6 

DS8870 


6 

350 


10 

10 

DS75492 Pinout, 
Darlington Output 

4-24 

DS8863 


8 

500 


15 

10 


4-21 

DS8963 



500 


23 

18 


4-21 

DS8654 




50 

36 

36 


4-14 

DS8874 



50 


10 

10 

Serial Shift Register Input 

4-26 

DS8973 



100 


10 

10 

3-Cell Operation — Low 
Battery Indicator 

4-39 

DS3654 


10 

400 


9.5 

45 

Serial Input 
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Gas Discharge Display Drivers 


Device Number 
and Temperature Range 

Device 

Type 

Drivers/ 

Package 

Comments 

Page 

No. 

O’Cto -t-TO'C 

-55°CtO +125°C 


DS8880 

DS7880 

Cathode Drivers 

7 

BCD to 7-Segment 

4-28 

DS8884A 



7 

BCD to 7-Segment 
with Comma and DP 

4-36 


Vacuum Fluorescent Display Drivers 


1 

Device Number 
and Temperature Range 

Device 

Type 

Drivers/ 

Package 

Comments 

Page 

No. 

0°Cto -l-70‘'C 

-55“Cto -l-125°C 


DS8654 


Ground Driver (segments) 

8 

7-Segment plus DP 

4-14 

DS8654 


Anode Driver (digit) 

8 
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DS75491/DS75492 


National 

Semiconductor 


DS75491 MOS-to-LED Quad Segment Driver 
DS75492 MOS-to-LED Hex Digit Driver 


General Description 

The DS75491 and DS75492 are interface circuits designed 
to be used in conjunction with MOS integrated circuits and 
common-cathode LEDs in serially addressed multi-digit dis- 
plays. The number of drivers required for this time-multi- 
plexed system is minimized as a resuit of the segment-ad- 
dress-and-digit-scan method of LED drive. 


Features 

■ 50 mA source or sink capability per driver (DS75491) 

■ 250 mA sink capabiiity per driver (DS75492) 

■ MOS compatabiiity (iow input current) 

■ Low standby power 

■ High-gain Dariington circuits 


Schematic and Connection Diagrams 


DS75491 (each driver) 



JO OTHER 
ORIVERS 


TO OTHER 
ORIVERS 


DS75492 (each driver) 


(14. 3, 5, 1. 10. 12) 



TO OTHER 
ORIVERS 


DS75491 Duai-in-Line Package 


DS75492 Duai-in-Line Package 



r r r 


I I 

2E 2A 


Top View 


Top View 


Order Number DS75491J, DS75492J, 
DS75491Nor DS75492N 
See NS Package Number J14A or N14A 





Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, DS75491 DS75492 

contact the National Semiconductor Sales Office/ Continuous Total Dissipation 600 mW 600 mW 

Distributors for availability and specifications. Operating Temperature Range 0°C to + 70°C 

DS75491 DS75492 Storage Temperature Range -65°Cto -l-150°C 

Input Voltage Range (Note 4) -SVtoVss Lead Temp. (Soldering, 10 sec) 300-C 300-C 

ColleotorOutputVoltage(Note5) 10V 10V Maximum Power Dissipalion 

Collector Output to Input Voltage 10V 10V at25°C 

Emitter to Ground Voltage (V| ^ 5V) 10V Cavity Package 1308 mW* 1364 mWt 

Emitter to Input Voltage 5V Molded Package 1207 mW* 1280 mWt 

o 4 \/ *Derata cavity package 8.72 mW/°C above 25°C; derate molded package 

Voltage at Vss Terminal With Respect g.ee mw/“C above 25 -c. 

to any Other Device Terminal 10V 10V ^ 

tOerate cavity package 9.09 mW/ C; derate molded package 1 0.24 mW/ C 
Collector Output Current above 2 S‘C. 

Each Collector Output 50 mA 250 mA 

All Collector Outputs 200 mA 600 mA 

Electrical Characteristics vss == iov(Notes2and3) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DS75491 

VCE ON 

“ON” State Collector Emitter Voltage 

Input = 8.5V through 1 kd, 
Ve = 5V. Ic = 50 mA 

Ta = 25“C 


0.9 

1.2 

s 

Ta = 0-70°C 



1.5 

n 

•COFF 

“OFF” State Collector Current 

< < 
m o 

II II 

O -4 

•in 40 fiA 



100 

fiA 

V|N = 0.7V 



100 

juA 

l| 

Input Current at Maximum Input Voltage 

V|N = 10V, Ve = OV, Ic = 20 mA 


2.2 

3.3 

mA 

Ie 

Emitter Reverse Current 

V|N = OV, Ve = 5V. Ic = 0 mA 



100 

JU.A 

Iss 

Current Into Vss Terminal 




1 

mA 

DS75492 

VoL 

Low Level Output Voltage 

Input = 6.5V through 1 kn, 
•out “ 250 mA 

Ta = 25°C 


0.9 

1.2 

V 

Ta = 0-70°C 



1.5 

V 

•oh 

High Level Output Current 

> 

o 

II 

X 

o 

> 

•in ~ F'A 



200 

JU.A 

V|N = 0.5V 



200 

fiA 

•l 

Input Current at Maximum Input Voltage 

V|N = 10V, l 0 L= 20 mA 


2.2 

3.3 

mA 

•ss 

Current Into Vss Terminal 




1 

mA 

Switching Characteristics vss = 7.5v.ta = 25 c 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DS75491 

tPLH 

Propagation Delay Time, Low-to-High Level Output (Collector) 

V|H = 4.5V, Ve = OV, 

Rl = 200fl,CL = 15pF 


100 


ns 

tpHL 

Propagation Delay Time, High-to-Low Level Output (Collector) 


20 


ns 

DS75492 

tPLH 

Propagation Delay Time, Low-to-High Level Output 

V|H = 7.5V, Rl = 39n, 
Cl = 15 pF 


300 


ns 

tpHL 

Propagation Delay Time, High-to-Low Level Output 


30 


ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the O'C to +70"C temperature range for the DS75491 and DS75492. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: The input is the only device terminal which may be negative with respect to ground. 

Note 5: Voltage values are with respect to network ground terminal unless otherwise noted. 
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DS75491/DS75492 


AC Test Circuits and Switching Time Waveforms 

DS75491 


PULSE 

Ik 

( H— OUTPUT 


GENERATOR 



PULSE 

(NOTE 11 

— 'VWJ 


GENERATOR 




(NOTE 1) 



/''S(N0TE« 



ao« m 

-50S 50S- 



tfHL j ^ I ['•"•fLH H 

Note 1: The pulse generator has the following characteristics; Zqut = SOfl, PRR = 100 kHz, tw = 1 jis. 
Note 2: Cl includes probe and jig capacitance. 
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National 

Semiconductor 


DS55493/DS75493 Quad LED Segment Driver 


General Description 

The DS55493/DS75493 is a quad LED segment driver. It is 
designed to interface between MOS IC’s and LED’s. An ex- 
ternal resistor is required for each segment to drive the out- 
put current which is approximately equal to 0.7V/Ri_ and is 
relatively constant, independent of supply variations. Blank- 
ing can be achieved by taking the chip enable (CE) to a 
logical “1” level. 


Features 

■ Low voltage operation 

■ Low input current for MOS compatibility 

■ Low standby power 

■ Display blanking capability 

■ Output current regulation 

■ Quad high gain circuits 


Schematic and Connection Diagrams 


Vss 



EXTERNAL 
CURRENT SET 
RESISTOR 


TL/F/7561-1 


Dual-ln-Line Package TrUth Table 



Order Number DS55493J, DS75493J 
or DS75493N 

See NS Package Number J16A or N16A 


CE 

V|N 

Iqut 

0 

1 

ON 

0 

0 

OFF 

1 

X 

OFF 


X = Don’t care 
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DS55493/DS75493 



DS55493/DS75493 


Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
contact the Nationai Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 10V 

Input Voltage 10V 

Output Voltage Vcc 

Storage T emperature Range - 65°C to + 1 50°C 

Output Current (Iqlit) “25 mA 

Maximum Power Dissipation* at 25°C 
Cavity Package 1371 mW 

Molded Package 1 280 mW 

Lead Temperature (Soldering, 4 seconds) 260°C 

•Derate cavity package 9.14 mW/°C above 25°C; derate molded package 
10.24 mW/°C above 25°C. 


Electrical Characteristics (Vss ^ vcc) (Notes 2 and 3) 


Operating Conditions 

Min 

Supply Voltage 
Vcc 3.2 

Vss 6.5 

Temperature Ta 
DS75493 0 

DS55493 -55 


Symbol 

Parameter 

IlN 

Input Current 

Ice 

Chip Enable Input Current 

Iqut 

Output Current 

Iql 

Output Leakage Current 

Icc 

Supply Current, Vcc 

Iss 

Supply Current 


Conditions 

Vss “ Max, V|tvi = 8.8V, Vcc — Open, Vce = OV 

Iqut = Rset @ ov. Vce = 

8.8V 

Vcc = Max, Vss == Max, Vce = 6.8V, All Other Pins 
toGND 

Iqut® 2.15V, Rl= 50ft 

Vcc — Min, Vss “ 6.5V, 
Ice = 60 JU.A, V|N = 6.5V 
Through 1.0 kft 


Vce = OV, V|N = 6.8V 

Iqut = Rset ® OV, 
Measure Current to Gnd, 
Vss = 6.8V 

Vcc ~ Min, Vce ~ OV 
ViN = 8.8V Through 
100 kft 


Vce = 6.5V Though 
1.0 kft,V|N = 8.8V 

Vcc = Max, Vss = Max, All Other Pins to Gnd 

Vcc OV, All Other Pins to Gnd 

Vcc ~ Min, Vss — 8.8V 

Iqut ® 2.15V, Vce ~ 8.8V 
Through 100 kft, 

Rl = 50ft 


'out = Open, Rset = Open, 
Vce = OV 


Max Units 


3.2 mA 


3.6 mA 


2.1 mA 



-100 jaA 


40 p,A 


40 I ]aA 



Switching Characteristics Ta = 25°C, nominal power supplies unless otherwise noted 


Min 


Symbol 

Parameter 

Conditions 

tpd(OFF) 

Propagation Delay to a Logical “0” 
From Input to Output 

(See AC Test Circuit 

tpd(ON) 

Propagation Delay to a Logical “1” 
From Input to Output 

(See AC Test Circuit) 



Typ 

Max 

Units 

170 

300 

ns 

11 

100 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0”C to +70°C range for the DS75493 and across the -55°C to +125°C range for the 
DS55493. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless othenwise noted. All values shown 
as max or min on absolute value basis. 
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Typical Applications 


CALCULATOR 
OR OTHER 
CURRENT 
SOURCE 
OUTPUT 




TL/F/7561 -3 


AC Test Circuit 


Switching Time Waveforms 


Vss Vcc 

8.8V 3.2V Rset Rl = 50 
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DS55493/DS75493 



DS55494/DS75494 



National 

Semiconductor 


DS55494/DS75494 Hex Digit Driver 


General Description 

The DS55494/DS75494 is a hex digit driver designed to 
interface between most MOS devices and common cath- 
odes configured LED’s with a low output voltage at high 
operating currents. The enable input disabies all the outputs 
when taken high. 


Features 

■ 1 50 mA sink capability 

■ Low voltage operation 

■ Low input current for MOS compatibility 

■ Low standby power 

■ Display blanking capability 

■ Low voitage saturating outputs 

■ Hex high gain circuits 


Schematic and Connection Diagrams 


Vcc (16I 



Dual-ln-Line Package 

Vcc ING OUT 6 OUTS INS OUT 4 IN 4 CE 


M 





NC INI 0UT1 OUT 2 IN 2 OUT 3 IN 3 GND 

TL/F/5B32-Z 

Top View 

Order Number DS55494J, DS75494J 
or DS75494N 

See NS Package Number J16A or N16A 


Truth Tabie 


Enable 

V|N 

VOUT 

0 

0 

1 

0 

1 

0 

1 

X 

1 


X = don’t care 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 10V 

Input Voltage 10V 

Output Voltage 10V 

Storage T emperature Range - 65°C to + 1 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1433 mW 

Molded Package 1362 mW 

Lead T emperature (Soldering 4 seconds) 260°C 

•Derate cavity package 9.55 mW/“C above 25°C; derate molded package 
10.9 mW/°C above 25"C. 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage, Vcc 

3.2 

8,8 

V 

Temperature, Ta 
DS75494 

0 

+ 70 

°C 

DS55494 

-55 

+ 125 

°c 


Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 


lai 


Units 

l|H 

Logical “1" Input Current 

Vcc = Min,V|N = 8.8V 

VcE = 8.8V through 100k 




mA 

VcE = 8.8V 



m 

mA 

l|L 

Logical “0" Input Current 

Vcc ~ Max, V|M = —5.5V 




juA 

Iqh 

Logical “1 ” Output Current 

Vcc ~ Max, VoH “ 8.8V 

V|N = 8.8V through 100k, Vce = OV 




jxA 

V|N = 8.8V, Vce = 6.5V through l.Ok 



QQ 

jd.A 

Vql 

Logical “0” Output Voltage 

Vcc = Min, Iql = 1 50 mA, V|n = 6.5V through 1 ,0k, 
VcE = 8.8V through 100k 

DS75494 




V 

DS55494 



IQI 

V 

Ice 

Supply Currents 

Vcc = Max 

One Driver “ON”, V|n = 8.8V 

DS75474 



m 

mA 

DS55494 



10.0 

mA 

All Other Pins to GND 

Vce = 6.5V through 1.0k 



■B!l 

jiA 

V|N = 8.8 V through 100k 



lea 

liA 

All Other Pins to GND 



m 

jaA 

tOFF 

Output “OFF” Time 

Cl = 20 pF, Rl = 24n, Vcc 4.0V, See AC Test Circuits 



m 

JU.S 

tON 

Output “ON” Time 

Cl = 20 pF, Rl = 24n, Vcc == 4.0V, See AC Test Circuits 



B9 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75494 and across the -55°C to +125°C range for the 
DS55494. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 
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DS8654 


National 
Semiconductor 

DS8654 8-Output Display Driver 
(LED, VF, Thermal Printer) 

General Description 

DS8654 is an 8-digit driver with emitter/follower outputs. It 
can source up to 50 mA at a low impedance, and operates 
with a constant internal drive current over a wide range of 
power supply— from 4.5V to 33V. The DS8654 can be used 
to drive electrical or mechanical, multiplexed or unmulti- 
plexed display systems. It can be used as a segment driver 
for common cathode displays with external current limiting 
resistors or can drive incandescent or fluorescent displays 
directly, both digits (anodes) and segments (grids). It will be 
necessary to run the device at a lower duty cycle, to keep 
the maximum package dc power dissipation less than 
600 mW while operating all 8 outputs at high supply voltage 


and large source current. The inputs are MOS compatible 
and eliminate the need for level shifting since inputs are 
referenced to the most negative supply of system. 

System Description 

The DS8654 is specifically designed to operate a thermal 
printing head for calculator or other uses. In this application 
the same segment in each digit is selected at the same 
time, reducing the overall time for a complete print cycle. 
The DS8654 is an 8-digit driver. With a 1 5-digit print head, 
two of the DS8654 are required. 



Connection Diagram 

Dual-ln-Line Package 


OUTS 

OUT 6 

OUT 7 

OUT 8 

GNO 

IN 8 

IN 7 

IN 6 

INS 

JiL 

JiL 

Jib 

jL 


_ilL 

JiL 


Jll 




OUT 2 0UT1 Vcc INI IN 2 IN 3 IN 4 

TL/F/5833-1 

Top View 

Order Number DS8654N 
See NS Package Number N18A 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 36V 

Input Voltage 36V 

Output Voltage Vcc ~ 36V 

Storage Temperature Range -65°C to + 150°C 

Maximum Power Dissipation* at 25°C 
Molded Package 1563 mW 

Lead T emperature (Soldering, 4 seconds) 260°C 

•Derate molded package 12.5 mW/°C above 25”C. 

Eiectricai Characteristics (Notes 2 and 3) 


Operating Conditions 

Min 

Supply Voltage (Vcc) 4-5 

Temperature (Ta) 0 


Symbol 

Parameter 

Conditions 

l|H 

Logical “1” Input Current 

Vcc ~ Max, V|N = 6.5V 

l|L 

Logical “0” Input Current 

Vcc ~ Max, V|fj = 0.4V 

lOFF 

“Off” State Leakage Current 

VoUT = Vcc - 33V 

Von 

“On” State Output Voltage 

Vcc ~ Max, liiM = 500 jliA, 
Iqh = — 50 mA 

■CC(OFF) 

Supply Current 

Vcc = Max, V|N = VouT = GND 

•CC(ON) 

Supply Current 
(All Outputs “ON") 

Vcc ~ Max, V|N = 6.5V, 
Iqut = 0 mA 



Vcc - 1-8 



Max 

Units 

500 

fiA 

40 

juA 

-100 

JU.A 

Vcc - 2.5 

V 

1.0 

mA 

10 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless othenwise specified min/max limits apply across the 0°C to +70°C range for the DS8654. All typicals are given for Vcc ^ 30V and Ta = 25“C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Schematic Diagram 
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DS8654 


Typical Applications 


Thermal Printer 



Voo 


LED Display — 0 mA to 50 mA Peak Segment Current 

SEGMENT INPUTS 
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Typical Applications (Continued) 

LED Display— 50 mA to 100 mA Peak Segment Current 

SEGMENT INPUTS SEGMENT INPUTS 



VF Display 



TL/F/5833-6 
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DS8654 







DS8669 


National 

Semiconductor 



DS8669 2-Digit BCD to 7-Segment Decoder/Driver 

General Description Features 

The DS8669 is a 2-digit BCD to 7-segment decoder/driver ■ Direct 7-segment drive 

for use with common anode LED displays. The DS8669 ■ 25 mA/segment current sink capabiiity 

drives 2 7-segment LED displays without muitiplexing. Out- ■ Low power requirement— 16 mA typ 

puts are open-collector, and capable of sinking 25 mA/seg- ^ very iow input currents— 2 juA typ 

ment. Applications include TV and CB channel displays. . clamp diodes to both Vcc and ground 

■ No multiplexing oscillator noise 


Logic and Connection Diagrams 




Order Number DS8669N 
See NS Package Number N24A 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7V 

Input Current 20 mA 

Output Voltage 12V 

Storage Temperature Range - 65°C to + 1 50°C 


Maximum Power Dissipation* at 25°C 
Molded Package 2005 mW 

Lead Temperature (Soldering, 1 0 seconds) 300°C 

•Derate molded package 16.04 mW/°C above 25”C. 

Operating Conditions 

Min Max Units 

Supply Voltage (Vcc) 4.5 6.0 V 

Temperature (Ta) 0 +70 °C 


Electrical Characteristics vcc = 5.25V, (Note 2) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Logical “1” Input Voltage 

c 

II 

o 

o 

> 

2.0 


Vcc + 0.6 

V 

V|L 

Logical “0” Input Voltage 

Vcc ~ 

-0.3 


0.8 

V 

Iq 

Logical “1” Output 
Leakage Current 

Vcc = Max, 
VOUT = 10V 



50 

jaA 

Vql 

Logical “0” Output Voltage 

Iql = 25 mA, 
Vcc ~ Min 


0.4 

0.8 

V 

l|H 

Logical “1” Input Current 

V|N = Vcc = Max 


2.0 

10 

fiA 

l|L 

Logical “0” Input Current 

V|N = ov, 

Vcc = Max 


-0.1 

-10 

)u,A 

■cc 

Supply Current 

All Outputs Low, 
Vcc = Max 


16 

25 

mA 

V|C 

Input Clamp Voltage 

I|N = 10 mA 



Vcc + 1 -SV 

V 

I|N = -10 mA 



-1.5V 

V 

tpdO 

Propagation Delay to a Logical “0” 
from Any Input to Any Output 

Rl = 400fl 
Cl = 50 pF 
Ta = 25*C 



10 

jaS 

^pdl 

Propagation Delay to a Logical “1 ” 
from Any Input to Any Output 



10 

fiS 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70’C range for the DS8669. All typicals are given for Vcc = 5.25V and T/\ = 25"C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless othenvise noted. All values shown 
as max or min on absolute value basis. 
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DS8669 



“0” = Segment ON TL/F/5836-3 

"1” = Segment OFF 


Display Segment Notation 

I a 

</ Q /h »/ B /b 

'/_/= 

d d 

TL/F/5836-4 


AC Test Circuit 



Switching Time Waveforms 



TL/F/5836-6 
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National 

Semiconductor 


DS8863/DS8963 MOS-to-LED 8-Digit Driver 

General Description Features 

The DS8863 and DS8963 are designed to be used in con- ■ 500 mA sink capability per driver, DS8863, DS8963 
junction with MOS integrated circuits and common-cathode ■ MOS compatibility {low input current) 

LED’s in serially addressed multi-digit displays. ■ Low standby power 

The DS8863 is an 8-digit driver. Each driver is capable of ■ High gain Darlington circuits 
sinking up to 500 mA. 

The DS8963 is identical to the DS8863 except it is intended 
for operation at up to 18V. 


Schematic and Connection Diagrams 


Y 



Dual-ln-Line Package 


iKio niiTo ifti7 niiTi iMC niiTC luc; niiTi; 



0UT1 INI IN2 0UT2 0UT3 IN3 0UT4 IN4 Voo 

Top View 

Order Number DS8863N or DS8963N 
See NS Package Number N18A 


TL/F/5839-2 
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DS8863/DS8963 




DS8863/DS8963 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

DS8863 DS8963 

Input Voltage Range 

(Note 1 ) - 5V to Vss - 5V to Vss 

Collector (Output) Voltage 

(Note 2) 10V 18V 

Collector (Output)-to-lnput 

Voltage 10V 18V 

Emitter-to-Ground Voltage 
(V| S 5V) 

Emitter-to-Input Voltage 
Voltage at Vss Terminal With 
Respect to Any Other 

Device Terminal 10V 18V 


DS8863 DS8963 

Collector (Output) Current 

Each Collector (Output) 500 mA 500 mA 

All Collectors (Output) 600 mA 600 mA 

Continuous Total 

Dissipation 800 mW 800 mW 

Operating Temperature 

Range 0°Cto+70°C 0°Cto+70°C 

Storage Temperature 

Range -65°Cto +150“C 

Maximum Power Dissipation 
at 25“C 

Molded Package 1 563 mWt 1 563 mWt 

Lead Temperature 

(Soldering, 4 sec.) 260°C 260°C 

tDerate molded package 12.5 mW/'C above 25°C. 


Eiectricai Characteristics Vss = 10V, Ta = 0°Cto + 70°C unless othenwise noted 


Symbol 

Parameter 

VoL 

Low Level Output Voltage 

Iqh 

High Level Output Current 

ll 

Input Current at Maximum Input Voltage 

Iss 

Current into Vss Terminal 



•18V for the DS8963 


Switching Characteristics vss = 7.5 v.ta = 25°c 

Symbol Parameter Conditions Min Typ Max Units 

tpLH Propagation Delay Time, Low-to-High Level Output V|h = 8V, R|_ = 20D, 300 ns 

tpHL Propagation Delay Time, High-to-Low Level Output CL-15pF 20 

Note 1: The input is the only device terminal which may be negative with respect to ground. 

Note 2: Voltage values are with respect to network ground terminal unless otherwise noted. 
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AC Test Circuits and Waveforms 


DS8863 

7.5V 



TL/F/5839-3 



Note 1: The pulse generator has the following characteristics; Zqut = 500, PRR = 100 KHz, tyj = Vs. 
Note 2: C[. includes probe and jig capacitance. 
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DS8863/DS8963 



DS8870 


National 

Semiconductor 


Sink capability per driver — 350 mA 
MOS compatibility (low input current) 
Low standby power 
High-gain Darlington circuits 
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Absolute Maximum Ratings (Note i) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Input Voltage Range (Note 4) 

-5V to Vss 

Collector Output Voltage 

10V 

Collector Output to Input Voltage 

10V 

Voltage at Vss Terminal with Respect to 
Any Other Device Terminal 

10V 

Collector Output Current 
Each Collector Output 
All Collector Outputs 

350 mA 
600 mA 


Continuous Total Dissipation 800 mW 

Operating Temperature Range 0° to + 70°C 

Storage T emperature - 65°C to + 1 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 308 mW 

Molded Package 1207 mW 

Lead Temperature (Soldering, 4 seconds) 260°C 

•Derate cavity package 8.72 mW/"C above 25°C; derate molded package 
9.66 mW/“C above 25'C. 


Electrical Characteristics vss = lov (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VoL 

Low Level Output Voltage 

Input = 6.5V through kH, 
Iqut ~ 350 mA, Ta = 25*C 


1.2 

1.4 

V 

VoL 

Low Level Output Voltage 

Input = 6.5V through 1 kfl, 
Iqut “ 350 mA 

■ 


1.6 

V 

lOH 

High Level Output Current 

VoH = 10V. I|N = 40 ixA 



200 

jaA 

Iqh 

High Level Output Current 

VoH = 10V, ViN = 0.5V 



200 

fiA 

l| 

Input Current at Maximum Input Voltage 

V|N = 10V, loL = 20 jiiA 


2.2 

3.3 

mA 

Iss 

Current into Vss Terminal 




1 

mA 


Switching Characteristics vss = t.sv.ta = 25 *c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Propagation Delay Time, Low-to-High Level Output 

V|H = 7.5V, Rl == 39n, 
Cl= 15 pF 

■ 

300 


ns 

tpHL 

Propagation Delay Time, High-to-Low Level Output 

V|H = 7.5V, Rl = 39H, 
Cl = 15 pF 

■ 

30 

■ 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0”C to +70°C temperature range. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless othenwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: The input is the only device terminal which may be negative with respect to ground. 
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DS8874 


National 

Semiconductor 



DS8874 9-Digit Shift Input LED Driver 

General Description Features 

The DS8874 is a 9-digit LED driver which incorporates a ■110 mA digit sink 
shift register input decoding circuit and a low battery indica- ■ Low battery indicator 
tor. Outputs wiii sink 110 mA at iess than 0.5V drop when ■ Minimum number of connections 

sequentiaiiy selected. When the Vcc suppiy fails below 6.5V ^ MOS compatible inputs 

typical, segment current will be furnished at digit 9 time to 
indicate a low battery condition. Pin 13 is generaily connect- 
ed to the decimal point segment on the display so that when 
a low battery condition exists, the left-most decimal point 
iights up. 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 10V 

Input Voltage 3V 

Output Voltage 1 0V 

Storage Temperature Range -65°Cto +150°C 


Maximum Power Dissipation* at 25°C 
Molded Package 

Lead Temperature (Soldering, 4 sec.) 
'Derate molded package 10.24 mW/’C above 25”C. 

Operating Conditions 

Min h 

Supply Voltage (Vcc) 6.0 ! 

Temperature (Ta) 0 


1280 mW 
260°C 


Electrical Characteristics (Notes 2 and 3) 


Conditions 


Vcc “ Max, V|N = 3V 


Vcc “ Max, V|N = 0.0V 


Symbol 

Parameter 

l|H 

Logical “1" Input Current 

l|L 

Logical “0" Input Current 

VCCL 

Decimal Point “ON” 

VCCH 

Decimal Point "OFF” 

lOH 

Logical “1” Output Current 

VoL 

Logical “0” Output Voltage 

Icc 

Supply Current 



Vcc = Max, Output Not Selected 


Vcc = Min, Output Selected, Iqi = 80 mA 


Vcc = Max, Output Selected, Iqi = 110 mA 


Vcc = Max, One Output Selected 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
shouid be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0”C to +70*C range. All typicals are given tor Ta = 25“C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless othenvise noted. All values shown 
as max or min on absolute value basis. 


Max 

Units 

0.4 

mA 

0.1 

mA 

6.0 

V 


V 

100 

juA 

1 

V 

1.5 

V 

19 

mA 


Timing Diagram (Upper Level More Positive) 
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DS7880/DS8880 



National 

Semiconductor 


DS7880/DS8880 High Voltage 7-Segment Decoder/Driver 


General Description 

The DS7880/DS8880 is custom designed to decode four 
lines of BCD and drive a gas-filled seven-segment display 
tube. 

Each output constitutes a switchable, adjustable current 
sink which provides constant current to the tube segment, 
even with high tube anode supply tolerance or fluctuation. 
These current sinks have a voltage compliance from 3V to 
at least 80V; typically the output current varies 1 % for out- 
put voltage changes of 3 to 50V. Each bit line of the decod- 
er switches a current sink on or off as prescribed by the 
input code. Each current sink is ratioed to the b-output cur- 
rent as required for even illumination of all segments. 
Output currents may be varied over the 0.2 to 1.5 mA range 
for driving various tube types or multiplex operation. The 
output current is adjusted by connecting an external pro- 


gram resistor (Rp) from Vcc to the Program input in accord- 
ance with the programming curve. The circuit design pro- 
vides a one-to-one correlation between program input cur- 
rent and b-segment output current. 

The Blanking Input provides unconditional blanking of any 
output display, while the Ripple Blanking pins allow simple 
leading- or trailing-zero blanking. 

Features 

■ Current sink outputs 

■ Adjustable output current — 0.2 to 1 .5 mA 

■ High output breakdown voltage— 1 1 0V typ 

■ Suitable for multiplex operation 

■ Blanking and Ripple Blanking provisions 

■ Low fan-in and low power 


Logic Diagram 


Min 

mt 





1 





DECODE 

LOGIC 


OUTPUT 

BLANKING 



1 a OUTPUT 

1 

m 

1 

> 1 

p 

► 

i r^nilTDIlT 

IP 

1 

f 1 

P 

► I 

P 

1 

» 1 


> 1 
1 

1 CURRENT 

REFERENCE PROGRAMMING 

CIRCUIT IfjpUT 


TL/F/5845-1 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 

contact the National Semiconductor Sales Office/ 

Distributors for availability and specifications. 

Vcc 7V 

Input Voltage (Except Bl) 6V 

Input Voltage (Bl) Vcc 

Segment Output Voltage 80V 

Power Dissipation 600 mW 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded Package 1476 mW 

•Derate cavity package 10.06 mW/°C above 25°C; derate molded package 
1 1 .81 mW/'C above 25°C. 


Transient Segment Output Current 
(Note 4) 

Storage Temperature Range 
Lead Temperature (Soldering, 4 sec.) 

Operating Conditions 

Min 

Supply Voltage (Vcc) 

DS7880 4.5 

DS8880 4.75 

Temperature (Ta) 

DS7880 -55 

DS8880 0 


50 mA 
-65°Cto +150°C 
260'’C 


Electrical Characteristics (Notes 2 and 3) 


Vcc ~ Min 


Vcc — Min 


Symbol 

Parameter 

V|H 

Logical “1” Input Voltage 

V|L 

Logical “0” Input Voltage 

Vqh 

Logical “1” Output Voltage 

VoL 

Logical “0” Output Voltage 

l|H 

Logical “1 ” Input Current 

l|L 

Logical “0” Input Current 

Icc 

Power Supply Current 

VcD 

Input Diode Clamp Voltage 

Iq 

SEGMENT OUTPUTS 
“ON” Current Ratio 

lb ON 

Output b “ON” Current 

VsAT 

Output Saturation Voltage 

■CEX 

Output Leakage Current 

Vbr 

Output Breakdown Voltage 

tpd 

Propagation Delays BCD 
Input to Segment Output 


Bl to Segment Output 


RBI to Segment Output 


RBI to RBO 


Conditions 


V|N = 2.4V 


ViN = 5.5V 


Except Bl 


Bl 


Vcc = Max, Rp = 2.2k, All Inputs = OV 


Vcc = Max, Except Bl 


Vcc ~ Max, V|N = 0.4V 


All Outputs = 50V, 
•ourb = Ref- 



Vcc = 5V,VouTb = 50V. 
All Other Outputs ^ 5V, 
Ta = 25°C 


Note 1: “Absolute Maximum Rating” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Electrical Characteristics" provides conditions tor actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 55°C to + 1 25”C temperature range for the DS7880 and across the 0°C to + 70°C range for 
the DS8880. All typical values are for Ta = 25°C and Vpc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min or absolute value basis. 

Note 4: In all applications transient segment output current must be limited to 50 mA. This may be accomplished in dc applications by connecting a 2.2k resistor 
from the anode-supply filter capacitor to the display anode, or by current limiting the anode driver in multiplex applications. 

Note 5: For saturation mode the segment output currents are externally limited and ratioed. 
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DS7880/DS8880 


Connection Diagram 


Dual-ln-Llne Package 


OUTPUTS 



INPUTS INPUTS 


Top View 

Order Number DS7880J, 
DS8880J or DS8880N 
See NS Package Number J16A or N16A 


TL/F/5845-2 


Typical Performance Characteristics 



Bp(kn) 



Ta(°C) 


Output Characteristic 



OUTPUT VOLTAGE (V) 

TL/F/5845-3 
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Typical Application 


DISPLAY 


DECODER/DRIVER 


MEMORY 


COUNTER 


Vaa 

(170 - 200 VDC) 



TL/F/5B45-4 


Truth Table 



•/_/■ 


SECMENT 

IDENTIFICATION 


TL/F/5845-5 
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DS8881 


National 

Semiconductor 

DS 8881 Vacuum Fluorescent Display Driver 


General Description 

The DS8881 vacuum fluorescent display driver will drive 
16-digit grids of a vacuum fluorescent display. The decode 
inputs select one of the sixteen outputs to be pulled high. 
The device contains an oscillator for supplying clock signals 
to the MOS circuit, the filament bias zener and 50 kfl pull- 
down resistors for each grid. Outputs will source up to 7 mA. 
The DS8881 is designed for 9V operation. If the enable in- 
put is pulled low, all outputs are disabled. 


Features 

■ Oscillator frequency accuracy and stability allows maxi- 
mum system speed 

■ Interdigit blanking with the enable input provides ghost- 
free display operation 

■ 50 kft pull-down resistors for each grid 

■ 7V filament bias zener 


Connection Diagram 


D1 02 03 04 OS 06 07 08 09 010 011 012 013 014 



Top View 

Order Number DS8881N 
See NS Package Number N28B 


Truth Table All outputs now shown high are off (low) 


Inputs 


C B 


Digit Outputs 


10 11 12 13 14 15 


H H 

H H 


H H 

H H 
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/^s 


ote 1) 

Operating 

Conditions 



required, 
as Office/ 

Supply Voltage 

Min 

Max 

Units 

IS. 

Vss 

5.0 

9.5 

V 

38V 

Vbb 

Gnd 

. -26 

V 

10 mA 

Temperature (Ta) 

0 

-1-70 

'C 


-20 mA 

5°Cto +150°C 


ns 


2168 mW 
260°C 


’S46-J 


ns 


S (Notes 2 and 3) 


Conditions 


Enable 


A, B.C, D 


llN = 260 plA 


l|N = 1400 jiA 


,ax Enable A, B, C, D 


Max Enable 


A, B,C, D 


= Max Enable 


A.B.C, D 


V|N = OV 


V|N = V|L(maX) 


(Output, loH = “7 mA 


jS = Max, Osc. Output, Vrc = 0-6V, Vqh = 10V 


/ss = Min, Pin R, Vrc = 0.6V, Vr = OV 


Vss = Min, Digit Output 


Vss = Min 


Vss = Max 


Osc 


Pin R 


Digit Output 


Vss = 0-5V, Iqh = 0 


Vss = 9-5V, Ib = 0, 

Vbb = -26V, l|N = 300 fxA 
(Note 4) 


Vrc = 1-6V 


Venable = 1V 


Iql — 6 mA 


Iql — 60 JU.A 


Iql = 10 pA 


Venable = 5.1V 


Venable = iv 


Venable = iv 


Venable = 5.1V 


Min 


25 


Vss - 2.5 


-150 


30 


Typ 


50 


9.0 


5.0 


- 0.8 


-3.0 


Max 


5.1 


1.5 


260 


1.0 


0.3 


- 1.0 


50 


-450 


85 


0.5 


0.2 


Vbb + 1-4 


12.5 


9.0 


-1.5 


-5.0 


Units 


jxA 


jliA 


jxA 


jiA 


jaA 


kn 


mA 


mA 

mA 

mA 


Ib = 10 mA 


Vbb + 6.4 


Vbb + 6.9 


Vbb + 7.4 


iximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation, 
srwise specified, min/max limits apply across the 0°C to +70”C range. All typicals are given for T^ = 25°C. 

s into device pins shown as positive, out of device pins as negative, and all voltages referenced to ground unless otherwise noted. All values 
min on absolute value basis. 

ately 50% of input current on pins 4, 5, 6, 7 is shunted to Vbb- If minimum Ibb is desired, then I|n should be minimized by using resistors in series 
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DS8881 


Switching Characteristics Ta = 25°C unless otherwise specified 


Symbol 

Parameter 

Conditions 

Min 


tpdO 

Propagation Delay to a Logical “0” 
from Enable Input to Digit Output 

Rl = 4.7 kn, Cl = 50 pF, Vbb = -23V, Vss = 8V 


tpdO 

Propagation Delay to a Logical “0” 
A, B, C, D to Digit Output 



Ipdl 

Propagation Delay to a Logical “1 " 
from Enable Input to Digit Output 



tpd1 

Propagation Delay to a Logical “1 ” 
from A, B, C, D to Digit Output 



tpALL 

Oscillator Output Transition Time 
from 1 to 0 

Vss = 9.5V, Rl = 6k to Vss, Cl = 25 pF 



fosc 

Oscillator Frequency 

7V < Vss < 9.5V, Rt = 27 kn ±2%, Rl = 1.3k, 
Ct = 100 pF, ±5%, Cl = 50 pF 

320 

3£ 

dc 

Oscillator Duty Cycle 

46 

5£ 


AC Test Circuit 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vss-Vbb) 38V 

Input Current 10 mA 

Output Current -20 mA 

Storage Temperature -65°Cto +150°C 

Maximum Power Dissipation* at 25°C 
Molded Package 2168 mW 

Lead Temperature (Soldering, 4 sec.) 260“C 

•Dorato moldod package 17.35 mW/°C above 25°C. 


Operating Conditions 


Supply Voltage 

Min 

Max 

Units 

Vss 

5.0 

9.5 

V 

Vbb 

Gnd 

-26 

V 

Temperature (T/\) 

0 

+ 70 

"C 


Eiectrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Logical “1" 
Input Voltage 

Vss = Max 

Enable 

l||vl = 260 fiA 



5.1 

V 

A, B, C, D 

l|N = 1400 jiA 



1.5 

V 

l|H 

Logical “1” 
Input Current 

Vss = Max 

Enable A, B, C, D 



260 

JU.A 

V|L 

Logical "0” 
Input Voltage 

Vss = Max 

Enable 



1.0 

V 

A, B, C, D 



0.3 

V 

l|L 

Logical “0" 
Input Current 

Vss = Max 

Enable 

V,N = OV 



-1.0 

fiA 

A, B, C, D 

VlN = Vil(MAX) 

25 



jxA 

VOH 

Logical “1” 
Output Voltage 

Digit Output, loH = “7 mA 

Vss - 2.5 



V 

Iqm 

Logical “1” 
Output Current 

Vss = Max, Osc. Output, Vrc = 0.6V, Vqh = 1 0V 



50 

p,A 

Iqs 

Output Short-Circuit 
Current 

Vss “ Min, Pin R, Vrq = 0.6V, Vr = OV 

I 

-150 


-450 

jaA 

Rout 

Output Pull-Down 
Resistor 

Vss = Min, Digit Output 

30 

50 

85 

kn 

VoL 

Logical “0” 
Output Voltage 

Vss ~ Min 

Osc 

Vrc = 1.6V 

Iql — 6 mA 



0.5 

V 

PinR 

loL — 50 jaA 



0.2 

V 

Vss = Max 

Digit Output 

Venable = 1V 

Iql = 10 JU.A 



Vbb + 1.4 

V 

•ss 

Supply Current 

Vss = 9-5V, Iqh = 0 

Venable = 5.1V 


9.0 

12.5 

mA 

Venable = 1V 


5.0 

9.0 

mA 

Iqd 

Supply Current 

Vss = 9-5V, Ib = 0, 

Vbb = -26V, l|N = 300 ju,A 
(Note 4) 

Venable = 1V 


-0.8 

-1.5 

mA 

Venable = 5.1V 


-3.0 

-5.0 

mA 

Vb 

Filament Bias 
Voltage 

Ib = 10 mA 

1 

Vbb + 5.4 

Vbb + 5.9 

Vbb + 7.4 

V 


Note 1: "Absolute Maximum Ratings" are those vaiues beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
shouid be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless othenvise specified, min/max iimits appiy across the 0°C to +70'C range. Ali typicals are given for Ta = 25°C. 

Note 3: Ail currents into device pins shown as positive, out of device pins as negative, and aii voitages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4: Approximateiy 50% of input current on pins 4, 5, 6, 7 is shunted to Vbb- If minimum Ibb is desired, then I|n should be minimized by using resistors in series 
with the inputs. 
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DS8881 


Switching Characteristics Ta = 25°C unless otherwise specified 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpdO 

Propagation Delay to a Logical “0” 
from Enable Input to Digit Output 

Rl = 4.7 kn, Cl = 50 pF, Vbb = -23V, Vss = 8V 



1 

flS 

tpdO 

Propagation Delay to a Logical “0” 
A, B, C, D to Digit Output 



1 

flS 

tpd1 

Propagation Delay to a Logical "1 " 
from Enable Input to Digit Output 



300 

ns 

tpd1 

Propagation Delay to a Logical “1 ” 
from A, B, C, D to Digit Output 



500 

ns 

tpALL 

Oscillator Output Transition Time 
from 1 to 0 

Vss = 9.5V, Rl = 6k to Vss. ^L 25 pF 



50 

ns 

fosc 

Oscillator Frequency 

7V < Vss < 9-5V. Rt = 27 kH ±2%, Rl = 1.3k, 
Ct = 100 pF, ±5%, Cl = 50 pF 

320 

360 

400 

kHz 

dc 

Oscillator Duty Cycle 

46 

56 

66 

% 


AC Test Circuit 
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Switching Time Waveforms 
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DS8884A 


National 
Semiconductor 

DS8884A High Voltage Cathode Decoder/Driver 

General Description 

The DS8884A is designed to decode four lines of BCD input 
and drive seven-segment digits of gas-filled readout dis- 
plays. 

All outputs consist of switchable and programmable current 
sinks which provide constant current to the tube cathodes, 
even with high tube anode supply tolerance. Output currents 
may be varied over the 0.2 mA to 1 .2 mA range for multiplex 
operation. The output current is adjusted by connecting an 
external program resistor (Rp) from Vcc to the program in- 
put in accordance with the programming curve. Unused out- 
puts must be tied to Vcc- 

Connection Diagram 

Dual-ln-Llne Package 



PROG. A B C D D. PT. comma comma GND 

INPUT INPUT OUTPUT 


Top View 

Order Number DS8884AN 
See NS Package Number N18A 


Features 

■ Usable with AC or DC input coupling 

■ Current sink outputs 

■ High output breakdown voltage 

■ Low input load current 

■ Intended for multiplex operation 

■ Input pullups increase noise immunity 

■ Comma/d.pt. drive 
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Absolute Maximum Ratings (Notei) 

If Military/Acrospace specified devices are required, 
contact the Nationai Semiconductor Saies Office/ 
Distributors for avaiiabiiity and specifications. 


Vcc 

7V 

Input Voltage (Note 4) 

Vcc 

Segment Output Voltage 

80V 

Power Dissipation 

600 mW 

Transient Segment Output Current 


(Note 5) 

50 mA 


Electrical Characteristics (Notes 2 and 3) 


Storage Temperature Range -65°C to + 150°C 

Maximum Power Dissipation* at 25°C 
Molded Package 1714 mW 

•Derate molded package 13.71 mW/'C above 25°C. 

Operating Conditions 

Min Max Units 

Supply Voltage (Vcc) 4.75 5.25 V 

Temperature (Ta) 0 +70 °C 


Symbol Parameter 


V|H Logical “1” Input Voltage 


Logical “0” Input Voltage 


Logical “1” Input Current 


Logical “0” Input Current 


Power Supply Current 


Positive Input Clamp Voltage 


Negative Input Clamp Voltage 


SEGMENT OUTPUTS 
“ON” Current Ratio 


Conditions 


Vcc = 4.75V 


Vcc = 4.75V 


Vcc = 5.25V. V|N = 2.4V 


Vcc = 5.25V, V|N = 0.4V 


Vcc = 5.25V, Rp = 2.8k, All Inputs = 5V 


Vcc ~ 4.75V, I||M = 1 mA 


Vcc = 5V, l||M = -12 mA.TA = 25°C 


All Outputs = 50V, Iqut t> = Ref-. All Outputs 



lb ON 

Output b “ON” Current 

Vcc “ 5V, Vqut b = 50V, 

Rp = 18.1k 

0.15 

0.25 

mA 



Ta = 25°C 

Rp = 7.03k 

0.45 

0.55 

mA 


Rp = 3.40k 

0.90 

1.10 

mA 

Rp = 2.80k 

1.08 

1.32 

mA 

ICEX 

Output Leakage Current 

VouT = 75V 


5 

/U.A 

Vbr 

Output Breakdown Voltage 

loUT = 250 p,A 

80 


V 

fpd 

Propagation Delay of Any 
Input to Segment Output 

Vcc = 5 V.Ta = 25“C 

■ 

10 

JU.S 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operation. 

Note 2; Unless otherwise specified min/max limits apply across the 0°C to -f 70°C temperature range for the DS8884A. All typical values are for Ta = 25°C and 
Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4; This limit can be higher for a current limiting voltage source. 

Note 5: In all applications transient segment output current must be limited to 50 mA. This may be accomplished in DC applications by connecting a 2.2k resistor 
from the anode-supply filter capacitor to the display anode, or by current limiting the anode driver in multiplex applications. 


Typical Application 



TL/F/5847-4 
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National 
Semiconductor 

DS8973 9-Digit LED Driver 

General Description 

The DS8973 is a 9-digit driver designed to operate from 
3-ceii battery suppiies. Each driver will sink 100 mA to less 
than 0.7V when driven by only 0.1 mA. Each input is blocked 
by diodes so that the input can be driven below ground with 
virtually no current drain. This is especially important in cal- 
culator systems employing a DC-to-DC converter on the 
negative side of the battery. If the converter were on the 
positive side of the battery, the converter would have to 
handle all of the display current, as well as the MOS calcula- 
tor chip current. But if it is on the negative side, it only has 


to handle the MOS current. The DS8973 is designed for the 
more efficient operating mode. 

Features 

■ Nine complete digit drivers 

■ Built-in low battery indicator 

■ High current outputs — 100 mA 

■ Straight through pin out for easy board layout 



Equivalent Circuit Diagrams 

Typical Driver Circuit Typical D.P. Out Circuit 



TL/F/5851-1 


Connection Diagram 

Dual-ln-Line Package 
OUTPUTS 



Top View 


Order Number DS8973N 
See NS Package Number N22A 


TL/F/5851-3 
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DS8973 


Absolute Maximum Ratings (Note i) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 10V 

Input Voltage 10V 

Output Voltage 10V 

Storage Temperature Range - 65°C to 4- 1 50°C 

Maximum Power Dissipation* at 25°C 
Molded Package 1 673 mW 

Lead Temperature (Soldering, 4 seconds) 260°C 

’Derate molded package 13.39 mW/“C above 25°C. 


Electrical Characteristics 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Logical “1” Input Voltage 

Vcc = Max 

3.9 



V 

l|H 

Logical "1” Input Current 

Vcc = Max, V|H = 3.9V 

0.1 


0.3 

mA 

V|L 

Logical “0” Input Voltage 

Vcc = Max 



0.5 

V 

l|L 

Logical “0” Input Current 

Vcc ~ Max, V|L = 0.5V 



40 

fiA 

Vbh 

High Battery Threshold 

Vqt (Pin 1) = IV, Iqt ^ ~50 fiA, 
Ta = 25°C, V|H (Pin 2) = 3.9V 

DS8973 

3.6 

■ 

■ 

V 

Vbl 

Low Battery Threshold 

Vqt (Pin 1) = 2 . 1 V, Iqt ^ -6 mA, 
Ta = 25°C.V|h (Pin 2) = 3.9V 

DS8973 


■ 

3.2 

V 

ICEX 

Logical “1" Output Current 

Vcc = Min, Vqh = 9-5V, Vjl = 0.5V 



50 

liA 

VoL 

Logical “0" Output Voltage 

Vcc ~ Min, Iql =100 mA, V|h = 3.9V 



0.7 

V 

icci 

Supply Current 

Vcc = Max, One Input “ON” 



6 

mA 

Ib 

Pin 21 (High Battery Supply) 

Vcc = Max, Vb = Max 



1.2 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actuai device operation. 

Note 2: Unless othenvise specified, min/max limits apply across the O'C to +70°C range. All typicals are given for Ta = 25'C. 

Note 3: Ali currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage (Vb) 

3.0 

5.5 

V 

Supply Voltage (Vcci) 

3.0 

9.5 

V 

Temperature (Ta) 

0 

-1-70 

°c 


4-40 

































































Driving 7-Segment Gas 
Discharge Display Tubes 
with National 
Semiconductor Drivers 


National Semiconductor 
Application Note 84 



INTRODUCTION 

Circuitry for driving high voltage cold cathode gas discharge 
7-segment displays, such as Sperry Information Displays* 
and Burroughs Panaplex II, is greatly simplified by two 
monolithic integrated circuits from National Semiconductor. 
They are: DS8880 high voltage cathode decoder/driver and 
DS8884A high voltage cathode decoder/driver. 

In addition to satisfying all the displays’ parameter require- 
ments, including high output breakdown voltage, these cir- 
cuits have capability of programming segment current, and 
providing constant current sinking for the display segments. 
This feature alleviates the problem of achieving uniformity of 
brightness with unregulated display anode voltage. The Na- 
tional cirucits can drive the displays directly. 

Sperry Information Display* and Burroughs Panaplex II are 
used principally in calculators and digital instruments. These 
7-segment, multi-digit displays form characters by passing 
controlled currents through the appropriate anode/segment 
combinations. The cathode in any digit will glow when a 
voltage greater than the ionization voltage is applied be- 
tween it (the cathode) and the anode for that digit. In the 
multiplexed mode of operation, a digit position is selected 
by driving the anode for that digit with a positive voltage 
pulse. At the same time, the selected cathode segments are 
driven with a negative current pulse. This causes the poten- 
tial between the anode and the selected cathodes to ex- 
ceed the ionization level, causing a visible glow discharge. 
Generally, these displays exhibit the following characteris- 
tics: low “on” current per segment — from 200 /xA (in DC 
mode) to 1 .2 mA (in multiplex mode); high tube anode sup- 
ply voltage — 180V to 200V; and moderate ionization volt- 
age — 170V. Once the element fires, operating voltage drops 
to approximately 150V and light output becomes a direct 
function of current, which is controlled by current limiting or 
current regulating cathode circuits. Current regulation there- 
fore is most desirable since brightness will then be constant 
for large anode voltage changes. Tube anode to cathode 
“off” voltage is approximately 100V; and maximum “off” 
cathode leakage is 3 juA to 5 jxA. 

Correspondingly, specifications for the cathode driver must 
be complimentary, approximately as follows: A high “off” 
output breakdown voltage 80V minimum; typical “on” out- 
put voltage of 50V; maximum “on” output current of 1 .5 mA 
per segment; and maximum “off” leakage current of 3 /xA to 
5 /xA. 

•Now called Beckman Displays 


To allow operation without anode voltage regulation, the 
cathode driver must be able to sink a constant current in 
each output, with the output “on” voltage ranging from 5V 
to 50V (see Figure 1). The following is a brief description of 
the circuits now offered by National: 



OUTPUT VOLTAGE (V) 

TU/F/6S71-1 

(a) Cathode Driver Output Characteristic 



0 10 20 30 40 50 60 70 

Ta (°C) 

TL/F/5871-2 

(b) On Currents vs Temperature 
FIGURE 1 

DS8880 HIGH VOLTAGE CATHODE DECODER/DRIVER 

The DS8880 offers 7-segment outputs with high output 
breakdown voltage of 80V minimum; constant current-sink 
outputs; and programmable output current from 0.2 mA to 
1.5 mA. 



4-41 


AN-84 



AN-84 


APPLICATION nal components (Figure 2). The inputs can be driven by TTL 

The circuit has a built-in BCD decoder and can interface MOS outputs directly. It is optimized for use in systems 

directly to Sperry and Panaplex II displays, minimizing exter- 5V supplies. 



TL/F/5871-3 


The DS8880 decoder/driver provides for unconditional as Available in 16-pin cavity DIP packages, the DS7880 is 

well as leading and trailing zero blanking. It utilizes negative guaranteed over the full military operating temperature 

input voltage clamp diodes. Typically, output current varies range of -55°C to +125°C; the DS8880 in molded DIP 

only 1 % for output voltage changes of 3V to 50V. Operating over the industrial range of 0"C to + 70°C. 

power supply voltage is 5V. The device can be used for 
multiplexed or DC operation. 



FIGURE 3. Interfacing Directly With TTL Output 


TL/F/5871-4 
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DS8884A HIGH VOLTAGE CATHODE 
DECODER/DRIVER 

The DS8884A offers 9-segment outputs with high output 
breakdown voltage of 80V minimum; constant current-sink 
outputs, programmable from 0.2 mA to 1 .2 mA. It also offers 
input negative and positive voltage clamp diodes for DC re- 
storing, and low input load current of -0.25 mA maximum. 

APPLICATION 

DS8884A decodes four lines of BCD input and drives 7-seg- 
ment digits of gas-filled displays. There are two separate 
inputs and two additional outputs for direct control of deci- 
mal point and comma cathodes. The inputs can be DC cou- 

+5V 


pled to TTL (Figure 3) or MOS outputs (Figure 4), or AC-cou- 
pled to TTL or MOS outputs (Figure 5) using only a capaci- 
tor. This means the device is useful in applications where 
level shifting is required. It can be used in multiplexed oper- 
ation, and is available in an 18-pin molded DIP package. 
Other advantages of the DS8884A are: typical output cur- 
rent variation of 1 % for output voltage changes of 3V to 
50V; and operating power supply voltage of 5V. Inputs have 
pull-up resistors to increase noise immunity in AC coupled 
applications. 

The DS8884A is guaranteed over the 0°C to -l-70°C operat- 
ing temperature range. 
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8 ANODE CONTROL LINES TYP. COUPLING 
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FIGURE 4. BCD Data Interfacing Directly With MOS Output 
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Note: Capacitive coupling between the logic and the segment drivers may be used only when the segment drivers are turned “OFF” during digit-to-digit 
transistions. 

FIGURE 5. Cathode BCD Data AC Coupled From MOS-Output 
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MM5450/MM5451 


National 

Semiconductor 


MM5450/MM5451 LED Display Drivers 


General Description 

The MM5450 and MM5451 are monolithic MOS integrated 
circuits utilizing N-channel metal-gate low threshold, en- 
hancement mode, and ion-implanted depletion mode devic- 
es. They are avaiiable in 40-pin moided or cavity dual-in-line 
packages. A single pin controls the LED display brightness 
by setting a reference current through a variable resistor 
connected to Vdd- 

Features 

■ Continuous brightness control 

■ Serial data input 

■ No load signal required 


■ Enable (on MM5450) 

■ Wide power supply operation 

■ TTL compatibility 

■ 34 or 35 outputs, 15 mA sink capabiiity 

■ Alphanumeric capability 

Applications 

■ COPS™ or microprocessor displays 

■ Industrial control indicator 

■ Relay driver 

■ Digital clock, thermometer, counter, voltmeter 

■ Instrumentation readouts 


Biock Diagram 


BRIGHTNESS 

CONTROL 


VoD OUTPUT 34 OUTPUT 1 


20 124 


100k 1 “ 

TYP » — 

TA E’NABCE (MM54S0) . 

1 

23 

OUTPUT 35 (N1M5451) ^ 


SERIAL ^ 

22 

DATA ^ 

21 


35 OUTPUT BUFFERS 



35 BIT SHIFT REGISTER 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availabiiity and specifications. 

Voltage at Any Pin Vss to Vss + 1 2V 

Operating T emperature - 25°C to + 85°C 


Storage Temperature 
Power Dissipation 

Junction Temperature 

Lead Temperature (Soldering, 10 sec.) 


-65°Cto +150°C 
560 mW at +85°C 
IWat +25°C 
+ 150°C 
300°C 


Electrical Characteristics 

Ta within operating range, Vdd = 4.5V to 1 1 .OV, Vss = OV unless otherwise specified 


Power Supply 


Power Supply Current 



Input Voltages 
Logical “0” Level (VJ 
Logical “1” Level (Vh) 


Brightness Input (Note 2) 


Output Sink Current 
Segment OFF 
Segment ON 


± 10 aA Input Bias 
4.75V ^ VoD ^ 5.25V 
Vdd > 5.25V 


VoUT = 3.0V 
VpUT = IV (Note 3) 
Brightness Input = 0 
Brightness Input = 100 juA 
Brightness Input = 750 p,A 


Input Current 750 fiA 


Brightness Input Voltage (Pin 1 9) 


Output Matching (Note 1) 


Clock Input (Notes 5 and 6) 

Frequency, fc 
High Time, tf, 

Low Time, t| 


Data Input 
Set-Up Time, tDS 
Hole Time, toH 


Data Enable Input 
Set-Up Time, tDES 


Note 1: Output matching is calculated as the percent variation (Imax + Imin)/2. 

Note 2: With a fixed resistor on the brightness input pin, some variation in brightness will occur from one device to another. Maximum brightness input current can 
be 2 mA as long as Note 3 and junction temperature equation are complied with. 

Note 3: See Figures 5, 6, and 7 for Recommended Operating Conditions and limits. Absolute maximum for each output should be limited to 40 mA. 

Note 4; The VouT voltage should be regulated by the user. See Figures 6 and 7 for allowable VouT vs Iqut operation. 

Note 5: AC input waveform specification for test purpose: t, S 20 ns, t( ^ 20 ns, f = 500 kHz, 50% ±10% duty cycle. 

Note 6: Clock input rise and fall times must not exceed 300 ns. 



Connection Diagrams 


il-ln-Line Package 


Dual-ln-Line Package 


Vss 

OUTPUT BIT 17 



Vss 

OUTPUT BIT 17 


OUTPUT BIT 13 
OUTPUT BITU 
OUTPUT BIT II 
OUTPUT BIT 10 


OUTPUT BIT 30 
OUTPUT BIT 31 
OUTPUT BIT 32 
OUTPUT BIT 33 
OUTPUT BIT 34 
0ATAT17AHC 



OUTPUT BIT 20 
OUTPUT BIT21 
OUTPUT BIT 22 


OUTPUT BIT 28 
OUTPUT BIT 29 
OUTPUT BIT 30 
OUTPUT BIT 31 
OUTPUT BIT 32 
OUTPUT BIT 33 
OUTPUT BIT 34 


Top View 
FIGURE 2a 


Top View 
FiGURE 2b 


Order Number MM5450N, MM5451N, MM5450V or MM5451V 
See NS Package Number N40A or V44A 
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MM5450/MM5451 


Connection Diagrams (Continued) 


Plastic Chip Carrier 


fc 1= t: 1= fc 


OUTPUT BIT 10 
OUTPUT BIT 9 


3 ZO 3 13 V) 3 ^ ^ Z3 3 

0000>*Z OOOOO 



OUTPUT BIT 26 
OUTPUT BIT 27 


^ ^ ^ I S 

Q < |Z CD 


Top View 

Plastic Chip Carrier 


0000>Z OOOOO 


6 5 i 3 2 1 44 43 42 41 40 


OUTPUT BIT 12-18 
OUTPUT BIT11 -I 9 


OUTPUT BIT 10 -1 10 
OUTPUT BIT 9 -1 1 1 


OUTPUT BIT 8- 13 
OUTPUT BIT 7- 14 
OUTPUT BIT 6- 15 
OUTPUT BIT 5- 16 
OUTPUT BIT 4- 17 


39 - OUTPUT BIT 23 
38 - OUTPUT BIT 24 
37 - OUTPUT BIT 25 
36 - OUTPUT BIT 26 
35 - OUTPUT BIT 27 
34 -N/C 
33 — OUTPUT BIT 28 
32 — OUTPUT BIT 29 


30 [-OUTPUT BIT 31 
29 [-OUTPUT BIT 32 


18 19 20 21 22 23 24 25 26 27 28 


J S S R R 

^ o ^ t: *= 

g < m m CD 


Top View 
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Functional Description 

Both the MM5450 and the MM5451 are specifically de- 
signed to operate 4- or 5-digit alphanumeric displays with 
minimal interface with the display and the data source. Seri- 
al data transfer from the data source to the display driver is 
accomplished with 2 signals, serial data and clock. Using a 
format of a leading “1” followed by the 35 data bits allows 
data transfer without an additional load signal. The 35 data 
bits are latched after the 36th bit is complete, thus providing 
non-multiplexed, direct drive to the display. Outputs change 
only if the serial data bits differ from the previous time. Dis- 
play brightness is determined by control of the output cur- 
rent for LED displays. A 0.001 capacitor should be connect- 
ed to brightness control, pin 19, to prevent possible oscilla- 
tions. 

A block diagram is shown in Figure 1. For the MM5450 a 
DATA ENABLE is used instead of the 35th output. The 
DATA ENABLE input is a metal option for the MM5450. The 
output current is typically 20 times greater than the current 
into pin 19, which is set by an external variable resistor. 
There is an internal limiting resistor of 400a nominal value. 
Figure 4 shows the input data format. A start bit of logical 
“1” precedes the 35 bits of data. At the 36th clock a LOAD 
signal is generated synchronously with the high state of the 
clock, which loads the 35 bits of the shift registers into the 
latches. At the low state of the clock a RESET signal is 
generated which clears all the shift registers for the next set 
of data. The shift registers are static master-slave configura- 
tion. There is no clear for the master portion of the first shift 
register, thus allowing continuous operation. 


There must be a complete set of 36 clocks or the shift regis- 
ters will not clear. 

When the chip first powers ON an internal power ON reset 
signal is generated which resets all registers and all latches. 
The START bit and the first clock return the chip to its nor- 
mal operation. 

Figure 2 s\\o\NS the pin-out of the MM5450 and MM5451. Bit 
1 is the first bit following the start bit and it will appear on pin 
18. A logical “1” at the input will turn on the appropriate 
LED. 

Figure 3 sho'HS the timing relationships between data, clock 
and DATA ENABLE. A max clock frequency of 0.5 MHz is 
assumed. 

For applications where a lesser number of outputs are used, 
it is possible to either increase the current per output, or 
operate the part at higher than IV Vqlit- The following 
equation can be used for calculations. 

Tj = (Vout) (Iled) (No. of segments) (124»C/W) -t- Ta 
where: 

Tj = junction temperature + 150°C max 
Vout = voltage at the LED driver outputs 
Iled = LED current 
124°C/W = thermal coefficient of the package 
Ta = ambient temperature 

The above equation was used to plot Figure 5, Figure 6 and 
Figure 7. 



TL/F/6136-4 
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Functional Description (Continued) 
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MM5452/MM5453 



National 

Semiconductor 


MM5452/MM5453 Liquid Crystai Dispiay Drivers 


General Description 

The MM5452 is a monolithic integrated circuit utilizing 
CMOS metal gate, low threshold enhancement mode devic- 
es. It is available in a 40-pin molded package. The chip can 
drive up to 32 segments of LCD and can be paralleled to 
increase this number. The chip is capable of driving a 4 V 2 - 
digit 7-segment display with minimal interface between the 
display and the data source. 

The MM5452 stores display data in latches after it is 
clocked in, and holds the data until new display data is re- 
ceived. 

Features 

■ Serial data input 

■ No load signal required 


■ DATA ENABLE (MM5452) 

■ Wide power supply operation 

■ TTL compatibility 

■ 32 or 33 outputs 

■ Alphanumeric and bar graph capability 

■ Cascaded operation capability 

Applications 

■ COPSTM or microprocessor displays 

■ Industrial control indicator 

■ Digital clock, thermometer, counter, voltmeter 

■ Instrumentation readouts 

■ Remote displays 


Block Diagram 


BACKPLANE BACKPLANE 

OUT IN OUTPUT 32 OUTPUT 1 


r 





23 

24 

25|26 |l8 



gs 




[ 

. t 4 

33 OUTPUT BUFFERS | 

DATA ENABLE (MM5452) . 






[ 


OUTPUT 33 (MM5453) * 




J 




SERIAL ^ 

22 





r 


OATA^ 




L 


1 



21 












TL/F/6137-1 

FIGURE 1 
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Absolute Maximum Ratings 




If Military/ Aerospace specified devices are required, Storage Temperature 

-65°CtO +150“C 

contact the National Semiconductor Sales Office/ Power Dissipation 

300 mWat +70°C 

Distributors for availability and specifications. 


350 mW at + 25“C 

Voltage at Any Pin 

VsstoVss+IOV Junction Temperature 


+ 150“C 

Operating Temperature 

0°Cto -l-70°C Lead Temperature (Soldering, 10 sec.) 

300“C 

Electrical Characteristics 




Ta within operating range, Vqd = 3.0V to 10V, Vss = OV, unless othenwise specified 



Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Power Supply 


3 


10 

V 

Power Supply Current 

Excluding Outputs 
CSC = Vss. BP IN @ 32 Hz 



40 

jliA 


Vqd = 5V, Open Outputs, No Clock 



10 

ju,A 

Clock Frequency 




500 

kHz 

Input Voltages 






Logical ‘0’ Level 

Vdd < 4.75 

-0.3 


0.1 Vdd 

V 


Vdd S 4.75 

-0.3 


0.8 

V 

Logical T Level 

Vdd > 5.25 

0.8 Vdd 


Vdd 

V 


Vdd ^ 5.25 

2.0 


Vdd 

V 

Output Current Levels 






Segments 






Sink 

Vdd = 3V, Vqut = 0.3V 



-20 

JU.A 

Source 

Vdd = 3V, Vqut = Vdd ~ 0-3V 

20 



/iiA 

Backplane 






Sink 

Vdd = 3V, Vqut = o.3V 



-320 

(lA 

Source 

Vdd = 3V, Vqut = Vdd ” 0-3V 

320 



fiA 

Output Offset Voltage 

Segment Load 250 pF 
Backplane Load 8750 pF (Note 1) 



±50 

mV 

Clock Input Frequency, fc 

(Notes 2 and 3) 



500 

kHz 

High Time, th 


950 



ns 

Low Time, t| 


950 



ns 

Data Input 






Set-Up Time, tps 





ns 

Hold Time, Idh 





ns 

Data Enable Input 


100 



ns 

Set-Up Time, togs 




Note 1; This parameter is guaranteed (not 100% production tested) over operating temperature and supply voltage ranges. Not to be used in Q.A. testing. 

Note 2; AC input waveform for test purpose: tr ^ 20 ns, tf ^ 20 ns, f = 500 kHz, 50% ±10% duty cycle. 



Note 3: Clock input rise and fall times must not exceed 300 ns. 
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MM5452/MM5453 


Connection Diagrams 

Dual-ln-Llne Package 


DuaMn-Line Package 


Vss- 

OUTPUT BIT17- 
0UTPUTBIT16- 
OUTPUT BIT 15- 
OUTPUT BIT 14- 
OUTPUT BIT 13- 
OUTPUT BIT 12- 
OUTPUT BIT 11 • 
OUTPUT BIT 10 • 
OUTPUT BIT 9. 
OUTPUT BITI< 
OUTPUT BIT 7 < 
OUTPUT BIT B< 
OUTPUT BIT 6 < 
OUTPUT BIT 4 
OUTPUT BIT 3 
OUTPUT BIT 2 
OUTPUT BIT 1 
OSCIN 



OUTPUT BIT II 
OUTPUT BIT II 
OUTPUT BIT 20 
OUTPUT BIT 21 
OUTPUT BIT 22 
OUTPUT BIT 23 
OUTPUT BIT 24 
OUTPUT BIT 25 
OUTPUT BIT 21 
OUTPUT BIT 27 
OUTPUT BIT 21 
OUTPUT BIT 29 
OUTPUT BIT 30 
OUTPUT BIT 31 
OUTPUT BIT 32 
DATA ENABLE 

> BACKPLANE IN 

> BACKPLANE OUT 

> DATA IN 

> CLOCK IN 

TL/F/6137-2 


Vss' 

OUTPUT BIT 17 • 
OUTPUT BIT 16 • 
OUTPUT BIT 15 • 
OUTPUT BIT 14 < 
OUTPUT BIT13< 
OUTPUT BIT 12 • 
OUTPUT BIT IV 
OUTPUT BIT 10 
OUTPUT BITB. 
OUTPUT BITS 
OUTPUT BIT 7 
OUTPUT BIT 6 
OUTPUT BITS 
OUTPUT BIT4 
OUTPUT BIT 3 
OUTPUT BIT 2 
OUTPUT BIT 1 
OSC IN 



Top View 
FIGURE 2a 


OUTPUT BIT 16 
OUTPUT BIT 19 
OUTPUT BIT 20 
OUTPUT BIT 21 
OUTPUT BIT 22 
OUTPUT BIT 23 
OUTPUT BIT 24 
OUTPUT BIT 25 
OUTPUT BIT 26 
OUTPUT BIT 27 
OUTPUT BIT 28 
OUTPUT BIT 29 
OUTPUT BIT 30 
OUTPUT BIT 31 
OUTPUT BIT 32 
OUTPUT BIT 33 
BACKPLANE IN 
BACKPLANE OUT 
OATA IN 
CLOCK IN 

TL/F/6137-3 


Top View 
FIGURE 2b 


OUTPUT BIT 13- 
OUTPUT BIT 12- 
OUTPUT BIT 11 - 
OUTPUT BIT 10- 
OUTPUT BIT 9 - 
OUTPUT BIT 8- 
OUTPUT BIT 7- 
OUTPUT BIT 6- 
OUTPUT BIT 5 • 
OUTPUT BIT 4- 
OUTPUT BIT 3- 


Plastlc Chip Carrier 


5 5 5 5 5 

1 1 1 II 

o o o o o 


Plastic Chip Carrier 


^ m (o rs. 

b b b b 


eo o ^ N 
t= fc fc t= fc 



5 

4 

3 

2 1 44 

43 

42 

41 

40 



/"e 

5 

4 

3 

2 1 44 

43 

42 

41 

40 


7 








39 

- OUTPUT BIT 23 

OUTPUT BIT 13- 

7 








39 

- OUPUT BIT 23 

B 








38 

- OUTPUT BIT 24 

OUTPUT BIT 12- 

8 








38 

- OUPUT BIT 24 

9 








37 

-OUTPUT BIT 25 

OUTPUT BIT 11- 

9 








37 

- OUTPUT BIT 25 

10 








36 

- OUTPUT BIT 26 

OUTPUT BIT 10- 

10 








36 

- OUPUT BIT 26 

11 








35 

- OUTPUT BIT 27 

OUTPUT BIT 9 - 

11 








35 

- OUPUT BIT 27 

12 




MMS4S2V 




34 

- OUTPUT BIT 28 

OUTPUT BIT 8- 

12 




MM5453V 




34 

— OUTPUT BIT 28 

13 








33 

-OUTPUT BIT 29 

OUTPUT BIT 7- 

13 








33 

- OUTPUT BIT 29 

14 








32 

- OUTPUT BIT 30 

OUTPUT BIT 6- 

14 








32 

— OUTPUT BIT 30 

15 








31 

- OUTPUT BIT 31 

OUTPUT BIT 5- 

15 








31 

- OUTPUT BIT 31 

16 








30 

- OUTPUT BIT 32 

OUTPUT BIT 4- 

16 








30 

- OUPUT BIT 32 

17 








29 

-N/C 

OUPUT BIT 3- 

17 








29 

- OUTPUT BIT 33 

18 

19 

T- 

20 

21 

22 23 24 

25 

26 

27 

“T“ 

28 



18 

19 

20 

21 

22 23 24 

25 

26 

27 

28 



5 5® 3 S 5 3 


I ° I i 5 3 

? O 3 P, 


Top View 


Order Number MM5452N, MM5453N, 
MM5452V or MM5453V 
See NS Package Number N40A or V44A 


Top View 


Functional Description 

The MM5452 is specifically designed to operate 4 Vi-digit 7- 
segment displays with minimal interface with the display and 
the data source. Serial data transfer from the data source to 
the display driver is accomplished with 2 signals, serial data 
and clock. Since the MM5452 does not contain a character 
generator, the formatting of the segment information must 
be done prior to inputting the data to the MM5452. Using a 
format of a leading "1” followed by the 32 data bits allows 
data transfer without an additional load signal. The 32 data 


bits are latched after the 36th clock is complete, thus pro- 
viding non-multiplexed, direct drive to the display. Outputs 
change only if the serial data bits differ from the previous 
time. 

A block diagram is shown in Figure 1. For the MM5452 a 
DATA ENABLE is used instead of the 33rd output. If the 
DATA ENABLE signal is not required, the 33rd output can 
be brought out. This is the MM5453 device. 
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Functional Description (Continued) 

Figure 4 shows the input data format. A start bit of logical 
“1” precedes the 32 bits of data. At the 36th clock a LOAD 
signal is generated synchronously with the high state of the 
clock, which loads the 32 bits of the shift registers into the 
latches. At the low state of the clock a RESET signal is 
generated which clears all the shift registers for the next set 
of data. The shift registers are static master-slave configura- 
tion. There is no clear for the master portion of the first shift 
register, thus allowing continuous operation. 


If the clock is not continuous, there must be a complete set 
of 36 clocks otherwise the shift registers will not clear. 
Figure 2a shows the pin-out of the MM5452. Bit 1 is the first 
bit following the start bit and it will appear on pin 18. 

Figure 3 shows the timing relationships between data, clock 
and DATA ENABLE. 


DATA ENABLE 
(MM5452) 





BIT 35 BIT 36 


LOAD 
(INTERNAL) , 


RESET 
(INTERNAL) , 


FIGURE 4. Input Data Format 
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MM5452/MM5453 


Functional Description (Continued) 

Figure 5 shows a typical application. Note how the input are controllable. This application assumes a specific display 

data maps to the output pins and the display. The MM5452 pinout. Different display/driver connection patterns will, of 

and MM5453 do not have format restrictions, as all outputs course, yield a different input data format. 



START BIT 



Consult LCD manufacturer's data sheet for specific pinouts. 

FIGURE 5. Typical 4V2-Dlglt Display Application 


TL/F/6137-6 
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Functional Description (Continued) 


OOOODO 

U.U.U.U.U.U 



BP 

DSC 

OUT 

IN 

BP 


IN 



BP 


OUT 

osc 

BP 

IN 

IN 



BP 


OUT 

OSC 

BP 

IN 

IN 



BP 


OUT 

OSC 

BP 

IN 

IN 


•The minimum recommended vaiue for R for the oscillator input is 9 kfl. An RC time constant of approximateiy 
4.91 X 10“4 should produce a backplane frequency between 30 Hz and 150 Hz. 

FIGURE 6. Parallel Backplane Outputs 


2 X BACKPLANE 
DRIVE FREQUENCY 



FIGURE 7. External Backplane Clock 


Figure 8 shows a four wire remote display that takes advan- 
tage of the device's serial Input to move many bits of display 
information on a few wires. 

USING AN EXTERNAL CLOCK 

The MM5452/MM5453 LCD Drivers can be used with an 
externally supplied clock, provided It has a duty cycle of 
50%. Deviations from a 50% duty cycle result in an offset 
voltage on the LCD. In Figure 7, a flip-flop Is used to assure 
a 50% duty cycle. The oscillator Input Is grounded to pre- 
vent oscillation and reduce current consumptions in the 
chips. The oscillator is not used. 

Using an external clock allows synchronizing the display 
drive with AC power, internal clocks, or DVM integration 
time to reduce interference from the display. 


Figure 5 is a general block diagram that shows how the 
device’s serial Input can be used to advantage in an analog 
display. The analog voltage input is compared with a stair- 
case voltage generated by a counter and a digital-to-analog 
converter or resistor array. The result of this comparison is 
clocked into the MM5452, MM5453. The next clock pulse 
increments the staircase and clocks the new data in. 

With a buffer amplifier, the same staircase waveform can be 
used for many displays. The digital-to-analog converter 
need not be linear; logarithmic or other non-linear functions 
can be displayed by using weighted resistors or special 
DACs. This system can be used for status indicators, spec- 
trum analyzers, audio level and power meters, tuning indica- 
tors, and other applications. 
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Functional Description (Continued) 


DISPLAY 



FIGURE 8. Four Wire Remote Display 


TL/F/6137-9 


LCD BAR GRAPH DISPLAY 



TL/F/6137-10 


Data Is high until staircase > Input 

FIGURE 9. Analog Display 
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Nah'onal 

Semiconductor 


MM5480 LED Display Driver 

General Description 

The MM5480 is a monolithic MOS integrated circuit utilizing 
N-channel metal gate low threshold, enhancement mode 
and ion-implanted depletion mode devices. It utilizes the 
MM5451 die packaged in a 28-pin package making it ideal 
for a 3 V 2 digit display. A single pin controls the LED display 
brightness by setting a reference current through a variable 
resistor connected either to Vdd or to a separate supply of 
11V maximum. 

Features 

■ Continuous brightness control 

■ Serial data input 


Block Diagram 


BRIGHTNESS 

CONTROL 


■ No load signal required 

■ Wide power supply operation 

■ TTL compatibility 

■ Alphanumeric capability 

■ 3V2 digit displays 

Applications 

■ COPSTM microcontrollers or microprocessor displays 

■ Industrial control indicator 

■ Relay driver 

■ Digital clock, thermometer, counter, voltmeter 

■ Instrumentation readouts 



35 OUTPUT BUFFERS 



Connection Diagram 


»ss” ' 
OUTPUT BIT 1 1 - 2 
OUTPUT BIT10- 3 
OUTPUT BIT 9- 4 
OUTPUT BIT 8- 5 
OUTPUT BIT 7- 6 
OUTPUT BIT 6- 7 
OUTPUT BIT 5- 8 
OUTPUT BIT 4- 9 
OUTPUT BIT 3-10 
OUTPUT BIT 2-11 
OUTPUT BIT 1-12 
BRIGHT. CONT.- 13 
Vm- 14 


laMn-Llne Packai 

1 

28 

2 

27 

3 

26 

4 

25 

5 

24 

6 

23 

7 

22 

MM5480 

8 

21 

9 

20 

10 

19 

11 

18 

12 

17 

13 

16 

14 

15 


28 -OUTPUT BIT 12 
27 -OUTPUT BIT 13 
26 -OUTPUT BIT 14 
25 -OUTPUT BIT 15 
24 -OUTPUT BIT 16 
23 -OUTPUT BIT 17 
22 -OUTPUT BIT 18 
21 -OUTPUT BIT 19 
20 -OUTPUT BIT 20 
19 -OUTPUT BIT 21 
18 -OUTPUT BIT 22 
17 —OUTPUT BIT 23 


Order Number MM5480N 
See NS Package Number N28B 


Top View 
FIGURE 2 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Voltage at Any Pin Vss to Vss + 1 2V 

Storage T emperature - 65°C to + 1 50°C 

Eiectricai Characteristics 


Power Dissipation 

Junction Temperature 

Lead Temperature (Soldering, 10 sec.) 


490 mWat +85”C 
940 mW at +25'’C 
150°C 
300’C 


Symbol 

Parameter 

Vdd 

Power Supply 

>DD 

Power Supply Current 

V|L 

Input Voltage 
Logical “0" Level 

V|H 

Input Voltage 
Logical “1” Level 

Ibr 

Brightness Input Current 
(Note 2) 

Iqh 

Output Sink Current (Note 3) 
Segment OFF 

Iql 

Output Sink Current (Note 3) 
Segment ON 

V|BR 

Brightness Input Voltage 
(Pin 19) 

OM 

Output Matching (Note 1) 


Vdd - 2 


Conditions 


Excluding Output Loads 


±10 p,A Input Bias 


4.75V ^ Vdd ^ 5.25V 


Vdd > 5.25V 


VouT = 3.0V 


VoUT — 1V 

Brightness Input = 0 jaA 
Brightness Input = 1 00 p,A 
Brightness Input = 750 juA 


Input Current = 750 p,A 


AC Eiectricai Characteristics ta = -25 c to +85»c.vdd = 5v ±o.5v 


Conditions 


(Notes 5 and 6) 


Symbol 

Parameter 

fc 

Clock Input Frequency 

th 

High Time 

t| 

Low Time 

tDS 

Data Input Set-Up Time 

tDH 

Data Input Hold Time 


Note 1: Output matching is calculated as the percent variation from (Imax + Imin)^2. 

Note 2: With a fixed resistor on the brightness input pin some variation in brightness will occur from one device to another. Maximum brightness input current can 
be 2 mA as long as Note 3 and junction temperature equation are complied with. 

Note 3: Absolute maximum for each output should be limited to 40 mA. 

Note 4: The VouT voltage should be regulated by the user. 

Note 5: AC input waveform specification for test purpose: t, ^ 20 ns. tf 20 ns. f = 500 kHz. 50% ±10% duty cycle. 

Note 6: Clock input rise and fall times must not exceed 300 ns. 
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Functional Description 

The MM5480 is specifically designed to operate 3V2-digit 
alphanumeric displays with minimal interface with the dis- 
play and the data source. Serial data transfer from the data 
source to the display driver is accomplished with 2 signals, 
serial data and clock. Using a format of a leading "1” fol- 
lowed by the 35 data bits allows data transfer without an 
additional load signal. The 35 data bits are latched after the 
36th bit is complete, thus providing non-multiplexed, direct 
drive to the display. Outputs change only if the serial data 
bits differ from the previous time. Display brightness is de- 
termined by control of the output current for LED displays. A 
0.001 fiF ceramic or mica disc capacitor should be connect- 
ed to brightness control, pin 13, to prevent possible oscilla- 
tions. 

A block diagram is shown in Figure 1. The output current is 
typically 20 times greater than the current into pin 13, which 
is set by an external variable resistor. There is an internal 
limiting resistor of 400fl nominal value. 

Figure 4 shows the input data format. A start bit of logical 
“1 ” precedes the 35 bits of data. At the 36th clock a LOAD 
signal is generated synchronously with the high state of the 
clock, which loads the 35 bits of the shift registers into the 
latches. At the low state of the clock a RESET signal is 
generated which clears all the shift registers for the next set 
of data. The shift registers are static master-slave configura- 
tion. There is no clear for the master portion of the first shift 
register, thus allowing continuous operation. 


There must be a complete set of 36 clocks or the shift regis- 
ters will not clear. 

When the chip first powers ON an internal power ON reset 
signal is generated which resets all registers and all latches. 
The START bit and the first clock return the chip to its nor- 
mal operation. 

Figure 5 shows the Output Data Format for the 5480. Be- 
cause it uses only 23 of the possible 35 outputs, 12 of the 
bits are ‘Don’t Cares’. 

Figure 3 shows the timing relationships between data and 
clock. A maximum clock frequency of 0.5 MHz is assumed. 
For applications where a lesser number of outputs are used, 
it is possible to either increase the current per output, or 
operate the part at higher than IV Vqijt- The following 
equation can be used for calculations. 

Tj = (Vout) Oled) (No. of segments) (132“C/W) + Ta 
where: 

Tj = junction temperature -f 150°C max. 

VouT = the voltage at the LED driver outputs 
•led = the LED current 
1 32°C/W = thermal coefficient of the package 
Ta = ambient temperature 


CLOCK 



LOAD 

(INTERNAL) 


RESET 

(INTERNAL) 


FIGURE 4. input Data Format 


IBDBBDBDBBBBDBBSDBBBDQIBD9QEOBIBBBDISSEISBIS 
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POWER DISSIPATION (W) 



Functional Description (Continued) 



TL/F/6138-5 

FIGURE 6. Typical Application of Constant Current Brightness Control 



TL/F/6138-6 

FIGURE 7. Brightness Control Varying the Duty Cycle 


Safe Operating Area Basic 3V2-Dlglt Interface 



CLOCK DATA 

TL/F/6138-8 
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National 

Semiconductor 


MM5481 LED Display Driver 

General Description 

The 5481 is a monolithic MOS integrated circuit utilizing N- 
channel metal gate low threshold, enhancement mode and 
ion-implanted depletion mode devices. It utilizes the 
MM5450 die packaged in a 20-pin package making it ideal 
for a 2 digit display. A single pin controls the LED display 
brightness by setting a reference current through a variable 
resistor connected either to Vdq or to a separate supply of 
11V maximum. 

Features 

■ Continuous brightness control 

■ Serial data input 


■ No load signal required 

■ Data enable 

■ Wide power supply operation 

■ TTL compatibility 

■ Alphanumeric capability 

■ 2 digit LED driver 

Applications 

■ COPS or microprocessor displays 

■ Industrial control indicator 

■ Relay driver 

■ Instrumentation readouts 


Block and Connection Diagrams 


BRIGHTNESS 

CONTROL 


35 OUTPUT BUFFERS 


35-BIT SHIFT REGISTER 


FIGURE 1 


Dual-ln-Line Package 


OUTPUT BIT 8—1 
OUTPUT BIT 7-2 
OUTPUT BIT 6-3 
OUTPUT BIT 5-4 
OUTPUT BIT 4-5 
OUTPUT BIT 3-6 
OUTPUT BIT 2-7 
OUTPUT BIT 1-8 
BRIGHT CONT.— 9 
Vnn- 1( 


1 

20 

-OUTPUT BIT 9 

2 

19 

-OUTPUT BIT 10 

3 

18 

-OUTPUT BIT 1 1 

4 

17 

-OUTPUT BIT 12 

5 

16 

MM5481 

-OUTPUT BIT 13 

6 

15 

-Vss 

7 

14 

-OUTPUT BIT 14 

8 

13 

— DATA ENABLE 

9 

12 

-DATA IN 

10 

11 

-CLOCK 


Top view 
FIGURE 2 

Order Number MM5481N 
See NS Package Number N20A 
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MM5481 


Absolute Maximum Ratings 

Voltage at Any Pin VsstoVss + 12V Junction Temperature -M50°C 

Storage Temperature -65°Cto -M50°C Lead Temperature {Soldering, 10 sec.) 300°C 

Power Dissipation 450 mW at + 85°C 

860 mWat +25°C 

Electrical Characteristics 

Ta = — 25°C to -t-85°C, Vqd = 4.75V to 11.0V, Vss = OV unless othen/vise specified 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vdd 

Power Supply 


4.75 


11 

V 

Idd 

Power Supply Current 

Excluding Output Loads 



7 

mA 

V|L 

Input Voltages 
Logical “0” Level 

±10 jxA Input Bias 

-0.3 


0.8 

V 

V|H 

Logical “1” Level 

4.75 ^ Vdd ^ 5.25 

2.2 


Vdd 

V 

Vdd > 5.25 

Vdd “ 2 


Vdd 

V 

Ibr 

Brightness Input Current 
(Note 2) 


0 


0.75 

mA 

•oh 

Output Sink Current 
(Note 3) 

Segment OFF 

VoUT = 3.0V 



10.0 

juA 

lOL 

Segment ON 

VoUT = IV (Note 4) 
Brightness Input = 0 jaA 
Brightness Input = 100 p.A 
Brightness Input = 750 ju,A 

0 

2.0 

15.0 

■ 

10.0 

4.0 

25.0 

jj,A 

mA 

mA 

V|BR 

Brightness Input Voltage 
(Pin 19) 

Input Current = 750 juA 

3.0 


4.3 

V 

OM 

Output Matching (Note 1) 




±20 

% 

AC Electrical Characteristics ta = -25"cto +85 °c.vdd = 5v ± o.5v 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

fc 

Clock Input Frequency 

(Notes 5 and 6) 

DC 


500 

kHz 

th 

High Time 


950 



ns 

tl 

Low Time 


950 



ns 

*DS 

toH 

Data Input 
Set-Up Time 
Hold Time 


m 



ns 

ns 

tOES 

Data Enable Input 
Set-Up Time 


100 



ns 

Note 1: Output matching is calculated as the percent variation from Iuax + 

Note 2; With a fixed resistor on the brightness input pin some variation in brightness will occur from one device to another. Maximum brightness input current can 
be 2 mA as long as Note 3 and junction temperature equation are compiled with. 

Note 3: Absolute maximum for each output should be limited to 40 mA. 

Note 4: The Vqut voltage should be regulated by the user. 

Note 5: AC input waveform specification for test purpose: ^ ^ 20 ns, t) ^ 20 ns, f = 500 kHz, 50% ± 10% duty cycle. 

Note 6: Clock input rise and fall times must not exceed 300 ns. 
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Functional Description 

The MM5481 uses the MM5450 die which is packaged to 
operate 2-digit alphanumeric displays with minimal interfer- 
ence to the display and the data source. Serial data transfer 
from the data source to the display driver is accomplished 
with 2 signals, serial data and clock. Using a format of a 
leading “1" followed by the 35 data bits allows data transfer 
without an additional load signal. The 35 data bits are 
latched after the 36th bit is complete, thus providing non- 
multiplexed, direct drive to the display. Outputs change only 
if the serial data bits differ from the previous time. Display 
brightness is determined by control of the output current for 
LED displays. A 0.001 jaF capacitor should be connected to 
brightness control, pin 9, to prevent possible oscillations. 

A block diagram is shown in Figure 1. The output current is 
typically 20 times greater than the current into pin 9, which 
is set by an external variable resistor. There is an internal 
limiting resistor of 400fl nominal value. 

Figure 4 shows the input data format. A start bit of logical 
"1” precedes the 35 bits of data. At the 36th clock a LOAD 
signal is generated synchronously with the high state of the 
clock, which loads the 35 bits of the shift registers into the 
latches. At the low state of the clock a RESET signal is 
generated which clears all the shift registers for the next set 
of data. The shift registers are a static master-slave configu- 
ration. There is no clear for the master portion of the first 
shift register, thus allowing continous operation. 


There must be a complete set of 36 clocks or the shift regis- 
ters will not clear. 

When the chip first powers ON an internal power ON reset 
signal is generated which resets all registers and all latches. 
The START bit and the first clock return the chip to its nor- 
mal operation. 

Figure 5 shows the Output Data Format for the MM5481. 
Because it uses only 1 4 of the possible 34 outputs, 20 of the 
bits are ‘Don't Cares'. Note that only alternate groups of 4 
outputs are used. 

Figure 3 shows the timing relationships between data, 
clock, and data enable. A maximum clock frequency of 
0.5 MHz is assumed. 

For applications where a lesser number of outputs are used, 
it is possible to either increase the current per output, or 
operate the part at higher than IV VouT- The following 
equation can be used for calculations. 

Tj = (Vout) (Iled) (No.of segments)(145“C/W) + Ta 
where: 

Tj = junction temperature 4- 1 50°C max. 

Vout = the voltage at the LED driver outputs 
•led = the LED current 
145“C/W = thermal coefficient of the package 
Ta = ambient temperature 


CLOCK y 



FIGURE 3. Timing 


LOAD 

(INTERNAL) 


RESET 

(INTERNAL) 


FIGURE 4. Input Data Format 


IDBBQDBEIDQDDBBBIBEIDBBBBDDQBBBBQtQDBBBSDl 


FIGURE 5. Output Data Format 
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POWER DISSIPATION (W) 



Functional Description (Continued) 



TL/F/6139-5 

FIGURE 6. Typical Application of Constant Current Brightness Control 



TL/F/6139-6 

FIGURE 7. Brightness Control Varying the Duty Cycle 



TL/F/6139-7 


Basic Electronically Tuned Television System 



LED DISPLAY 


TL/F/6139-8 
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National 

4 ^ Semiconductor 

MM5483 Liquid Crystai Dispiay Driver 


General Description 

The MM5483 is a monolithic integrated circuit utilizing 
CMOS metal-gate low-threshold enhancement mode devic- 
es. It is available in a 40-pin molded package. The chip can 
drive up to 31 segments of LCD and can be cascaded to 
increase this number. This chip is capable of driving a 4 V 2 - 
digit 7-segment display with minimal interface between the 
display and the data source. 

The MM5483 stores the display data in latches after it is 
latched in, and holds the data until another load pulse is 
received 

Features 

■ Serial data input 

■ Serial data output 


Block and Connection Diagrams 

BACKPUNE BACKPUNE 
.... OUT IN 


■ Wide power supply operation 

■ TTL compatibility 

■ 31 segment outputs 

■ Alphanumeric and bar graph capability 

■ Cascade capability 

Applications 

■ COPSTM or microprocessor displays 

■ Industrial control indicator 

■ Digital clock, thermometer, counter, voltmeter 

■ Instrumentation readouts 

■ Remote displays 



31-BIT SHIFT REGISTER I -* I -- DATA OUT 


Dual-In-Line Package 


vss- 

OUTPUT BIT 16- 
OUTPUT BIT 15- 
OUTPUT BIT 14- 
OUTPUT BIT 13- 
OUTPUT BIT 12- 
OUTPUT BIT 11 - 
OUTPUT BIT 10 ■ 
OUTPUT BIT 9 • 
OUTPUT BIT 8- 
OUTPUT BIT 7- 
OUTPUT BIT 6 • 
OUTPUT BIT 5 ■ 
OUTPUT BIT 4 ■ 
OUTPUT BIT3- 
OUTPUT BIT 2 • 
OUTPUT BIT 1 ■ 
DATA OUT • 
OSC IN • 
VOD- 


1 

40 

2 

39 

3 

38 

4 

37 

5 

36 

6 

35 

7 

34 

8 

33 

9 

32 

10 

31 

MM5483 

30 

12 

29 

13 

28 

14 

27 

15 

26 

16 

25 

17 

24 

18 

23 

19 

22 

20 

21 


■OUTPUT BIT 17 
•OUTPUT BIT 18 
■OUTPUT BIT 19 
■OUTPUT BIT 20 
■OUTPUT BIT 21 
■OUTPUT BIT 22 
-OUTPUT BIT 23 
■OUTPUT BIT 24 
-OUTPUT BIT 25 
■OUTPUT BIT 26 
-OUTPUT BIT 27 

-OUTPUT BIT 28 Order Number MM5483N 
-OUTPUT BIT 29 See NS Package Number N40A 
-OUTPUT BIT 30 
-OUTPUT BIT 31 
-LOAD 

-BACKPLANE IN 
-BACKPUNE OUT 
-DATA IN 
-CLOCK IN 


Top View 
FIGURE 2 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avaiiabiiity and specifications. 

Voltage at Any Pin Vss to Vss + 1 0V 

Operating Temperature -40°Cto +85°C 

Storage Temperature - 65°C to + 1 50°C 


Power Dissipation 300 mW at + 85°C 

350 mWat +25°C 

Junction Temperature + 1 50°C 

Lead Temperature 

(Soldering, 1 0 seconds) 300°C 


DC Electrical Characteristics 

Ta within operating range, Vdq = 3.0V to 10V, Vss OV, unless othenwise specified 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Power Supply 


3.0 


10 

V 

Power Supply Current 

R = 1M,C = 470 pF. 
Outputs Open 
Vdd = 3.0V 


g 

15 

jxA 


Vdd = 5.0V 


17 

25 

fxA 


Vdd = fO-OV 

OSC = OV, Outputs Open, 


35 

45 

juA 


BPIN = 32 Hz, Vdd = 3.0V 


1.5 

2.5 

fiA 

Input Voltage Levels 

Load, Clock, Data 





Logic "0” 

Vdd = 5.0V 



0.9 

V 

Logic “1” 

Vdd = 5.0V 




V 

Logic “0” 

Vdd = 3.0V 



0.4 

V 

Logic "1” 

Vdd = 3.0V 

2.0 



V 

Output Current Levels 
Segments and Data Out 


■■ 




Sink 

Vdd = 3.0V, VouT = 0-3V 




}iA 

Source 

Vdd ~ 3.0V, Vqut ~ 2.7V 

hh 



IxA 

BP OUT 






Sink 

Vdd = 3.0V, VouT = 0-3V 




juA 

Source 

Vdd = 3.0V, VouT = 2.7V 




JU.A 


AC Electrical Characteristics Vqq ^ 4.7V, Vss = OV unless otherwise specified 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

fc 

Clock Frequency, Vdd ’ 

= 3V 



500 

kHz 

ICH 

Clock Period High 

(Notes 1, 2) 

500 



ns 

fCL 

Clock Period Low 


500 



ns 

bs 

Data Set-Up before Clock 

300 



ns 

Idh 

Data Hold Time after Clock 

100 



ns 

fLW 

Minimum Load Pulse Width 

500 



ns 

fLTC 

Load to Clock 

400 



ns 

fCDO 

Clock to Data Valid 


400 

750 

ns 


Note 1: AC input waveform specification for test purpose: t, ^ 20 ns, t( ^ 20 ns, f = 500 kHz, 50% ±10% duty cycle. 
Note 2: Clock input rise and fall times must not exceed 300 ns. 

Note 3; Output offset voltage is ± 50 mV with Csegment = 250 pF, Cbp = 8750 pF. 


Functional Description 

A block diagram for the MM5483 is shown in Figure 1 and a 
package pinout is shown in Figure 2. Figure 3 shows a pos- 
sible 3-wire connection system with a typical signal format 
for Figure 3. Shown in Figure 4, the load input is an asyn- 
chronous input and lets data through from the shift register 
to the output buffers any time it is high. The load input can 
be connected to Vqd for 2-wire control as shown in Figure 
5. In the 2-wire control mode, 31 bits (or less depending on 


the number of segments used) of data are clocked into the 
MM5483 in a short time frame (with less than 0.1 second 
there probably will be no noticeable flicker) with no more 
clocks until new information is to be displayed. If data was 
slowly clocked in, it can be seen to “walk” across the dis- 
play in the 2-wire mode. An AC timing diagram can be seen 
in Figure 6. It should be noted that data out is not a TTL- 
compatible output. 
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Functional Description (Continued) 



JTJijnjnji</iJi_rLn_ 



FIGURE 4. Data Format Diagram 





FIGURE 6. Timing Diagram 


TL/F/6140-6 
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MM5484 


National 

Semiconductor 



MM5484 16-Segment LED Display Driver 


General Description 

The MM5484 is a low threshold N-channel metal gate circuit 
using low threshold enhancement and ion implanted deple- 
tion devices. The MM5484 is available In a 22-pin molded 
package and is capable of driving 16 LED segments. 


■ MM5484 is cascadeable 

■ TTL compatibility 

■ No load signal required 

■ Non multiplex display 

■ 2 V 2 digit capability— MM5484 


Features 

■ Serial data input 

■ Wide power supply operation 

■ 1 6 output, 1 5 mA sink capability 


Applications 

■ COPSTM or microprocessor displays 

■ Instrumentation readouts 

■ Industrial control indicator 

■ Relay driver 


Block and Connection Diagrams 


16 SEGMENT OUTPUTS 



FIGURE 1. MM5484 


TL/F/6141-1 


Dual-In-Line Package 



Top View 

Order Number MM5484N 
See NS Package Number N22A 


TL/F/6141-3 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availabiiity and specifications. 

Voltage at LED Outputs Vss ~ 0.5V to Vss + 1 2V 

Voltage at Other Pins Vss ~ 0.5V to Vss + 10V 


Operating Temperature 
Storage Temperature 
Maximum Power Dissipation 
MM5484 

Lead Temperature (Soldering, 10 sec.) 


-40°Cto +85°C 
-40°C to +150°C 


500 mW 
300°C 


DC Electrical Characteristics Vdd = 4.5Vto9V, Ta = -40°Cto +85°C unless otherwise specified 


Parameter 


Supply Voltage 


Supply Current 


Logic One 
Input High Level Vm 


Logic Zero 
Input Low Level V|l 
I nput Current 
Input Capacitance 


OUTPUTS 



High or Low Level 


Data Output Voltage 


High Level Vqh 

Iqut = 0-1 niA 

Low Level Vql 

louT = “0-1 fTiA 

Segment Off 

VoUT = 1 2V 

(Logic Zero on Input) 

Rext ~ 400H 

Output Current Segment On 
(Logic One on Input) 

Iqut = 1 5 mA 

Output Voltage 

Vdd ^ 6V 


Max 

Units 

9 

V 

10 

mA 

Vdd + 0-5 

V 

0.8 

V 

±1 

/xA 

7.5 

PF 



AC Electrical Characteristics 

{See Figure 3.) Wqo = 4.5Vto9V, Ta = -40°Cto + 85°C unless otherwise specified 


Symbol 


fc 


Conditions 


Parameter 


Clock Frequency 


High Time 


Low Time 


Data Setup Time 


Data Hold Time 


Enable Setup Time 


Enable Hold Time 


Data Out Delay 


Note 1: Under no condition should the power dissipated by the segment driver exceed 50 mW nor the entire chip power dissipation exceed 500 mW. 
Note 2: AC input waveform specification for test purpose: t, ^ 20 ns. t( S 20 ns, f = 500 kHz, 50% ±10% duty cycle. 

Note 3: Clock input rise and fall times must not exceed 500 ns. 
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Functional Description 

The MM5484 is designed to drive LED dispiays directiy. Se- 
rial data transfer from the data source to the display driver is 
accomplished with 3 signals, DATA IN, CLOCK and EN- 
ABLE. The signal ENABLE acts as an envelope and only 
while this signal is at a logic ‘1’ do the circuits recognize the 
clock signal. 

While ENABLE is high, data on the serial data input is trans- 
ferred and shifted in the internal shift register on the rising 
clock edge, i.e. a logic ‘0’ to logic ‘1’ transition. 


Timing Diagram 


When the ENABLE signal goes to a low (logic zero state), 
the contents of the shift register is latched and the display 
will show the new data. While new data is being loaded Into 
the SR the display will continue to show the old data. 

For the MM5484, data is output from the serial DATA OUT 
pin on the falling edge of clock so cascading is made simple 
with race hazards eliminated. 

When the chip first powers on, an internal power on reset 
signal is generated which resets the SR and latches to zero 
so that the display will be off. 
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National 

Semiconductor 


MM5486 LED Display Driver 


General Description 

The MM5486 is a monolithic MOS integrated circuit utilizing 
N-channel metal-gate low-threshold, enhancement mode 
and ion-implanted depletion mode devices. It is available in 
a 40-pin molded dual-in-line package. A single pin controls 
the LED display brightness by setting a reference current 
through a variable resistor connected to Vdd- 

Features 

■ Continuous brightness control 

■ Serial data input/outut 

■ External load input 

■ Cascaded operation capability 


■ Wide power supply operation 

■ TTL compatibility 

■ 33 outputs, 15 mA sink capability 

■ Alphanumeric capability 

Applications 

■ COPSTM or microprocessor displays 

■ Industrial control indicator 

■ Relay driver 

■ Digital clock, thermometer, counter, voltmeter 

■ Instrumentation readouts 

■ Reference MOS Brief #1 


Block and Connection Diagrams 



Vss 

OUTPUT BIT 16 
OUTPUT BIT 15 
OUTPUT BIT 14 
OUTPUT BIT 13 
OUTPUT BIT 12 
OUTPUT BIT 11 
OUTPUT BIT 10 
OUTPUT BIT 9 
OUTPUT BIT a 
OUTPUT BIT 7 
OUTPUT BIT 6 
OUTPUT BIT 5 
OUTPUT BIT 4 
OUTPUT BIT 3 
OUTPUT BIT 2 
OUTPUT BIT 1 
OATA OUT 
BRIGHTNESS CONTROL 
VOO 


FIGURE 1 


DuaMn-Line Package 



Top View 


OUTPUT Brr 17 
OUTPUT BIT 10 
OUTPUT BIT 19 
OUTPUT BIT 20 
OUTPUT BIT 21 
OUTPUT BIT 22 
OUTPUT BIT 23 
OUTPUT BIT 24 
OUTPUT BIT 25 
OUTPUT BIT 26 
OUTPUT BIT 27 
OUTPUT BIT 28 
OUTPUT BIT 29 
OUTPUT BIT 30 
OUTPUT BIT 31 
OUTPUT BIT 32 
OUTPUT BIT 33 
LOAD 
DATA IN 
CLOCK IN 


TL/F/6142-1 


Order Number MM5486N 
See NS Package Number N40A 


TL/F/6142-2 


FIGURE 2 
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Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, Power Dissipation 560 mW at -1- 85°C 

contact the Nationai Semiconductor Saies Office/ 1 W at 25°C 

Distributors for availability and specifications. Junction Temperature + 1 50°C 

Voltage at Any Pin VsstoVss+12V Lead Temperature (Soldering, 10 seconds) 300°C 

Operating Temperature -25°Cto+85°C 

Storage Temperature -65°Cto -M50°C 

Electricai Characteristics 

Ta within operating range, Vdd = 4.75V to 1 1 .OV, Vss = OV, unless otherwise specified 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vdd 

Power Supply 


4.75 


11 

V 

>DD 

Power Supply Current 

Excluding Output Loads 



7 

mA 


Input Voltages 






V|L 

Logic “0” Level 

± 10 )±A Input Bias 

-0.3 


0.8 

V 

V|H 

Logic “1 ” Level 

4.75 ^ Vdd ^ 5.25 

2.2 


Vdd 

V 



Vdd > 5.25 

CM 

I 

Q 

Q 

> 


Vdd 

V 

Ibr 

Brightness Input (Note 2) 


0 


0.75 

mA 


Output Sink Current (Note 3) 




■1 


Iqh 

Segment OFF 

Vqut = 3-OV 




jliA 

Iql 

Segment ON 

VoUT = 1 V (Note 4) 







Brightness input = 0 jxA 

0 

Hi 

Hb 

jxA 



Brightness Input = 100 |u,A 

2.0 



mA 



Brightness Input = 750 j±A 

15 

■■ 


mA 

Iq 

Maximum Segment Current 




40 

mA 

V|BR 

Brightness Input Voltage (Pin 19) 

Input Current = 750 ju.A 

3.0 



V 

OM 

Output Matching (Note 1) 




±20 

% 


Data Output 






Vql 

Logical “0” Level 

Iqlit ~ 0-5 rnA 

Vss 


0.4 


Vqh 

Logical “1” Level 

Iqut = 100 jj, A 

2.4 


Vdd 



Clock Input 

(Notes 5 and 6) 


BH 



fc 

Frequency 




500 

kHz 

th 

High Time 





ns 

t| 

Low Time 





ns 


Data Input 






tDS 

Set-Up Time 





ns 

tOH 

Hold Time 


■Bl 



ns 


Data Enable Input 






tOES 

Set-Up Time 


100 



ns 

1 Note 1: Output matching is calculated as the percent variation (Imax +Imin)^2. 




Note 2: With a fixed resistor on the brightness input pin, some variation in brightness will occur from one device to another. Maximum brightness input current can 

be 2 rtiA as long as Note 3 and junction temperature equation are complied with. 




Note 3: Absolute maximum for each output should be limited to 40 mA. 




Note 4: The VouT voltage should be regulated by the user. See Figures 6 and 7 for allowable Vqut vs Iqut operation. 



Note 5: AC input waveform specification for test purpose: V ^ 20 ns, t, 20 ns. f = 500 kHz, 50% ±10% duty cycle. 



Note 6: Clock input rise and fall times must not exceed 300 ns. 
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Functional Description 

The MM5486 is specifically designed to operate four-digit 
alphanumeric displays with minimal interface with the dis- 
play and the data source. Serial data transfer from the data 
source to the display driver is accomplished with 3 signals, 
serial data, clock, and load. The data bits are latched by a 
positive-level load signal, thus providing non-multiplexed, di- 
rect drive to the display. When load is high, the data in the 
shift registers is displayed on the output drivers. Outputs 
change only if the serial data bits differ from the previous 
time. Display brightness is determined by control of the out- 
put current for LED displays. A 0.001 juiF capacitor should 
be connected to brightness control, pin 19, to prevent possi- 
ble oscillations. The output current is typically 20 times 
greater than the current into pin 1 9, which is set by an exter- 
nal variable resistor. There is an internal limiting resistor of 
400ft nominal value. 

A block diagram is shown in Figure 1. 

Figure 4 shows the input data format. Bit "1” is the first bit 
into the data input pin and it will appear on pin 17. A logical 
“1" at the input will turn on the appropriate LED. The load 
signal latches the 33 bits of the shift register into the latch- 
es. The data out pin allows for cascading the shift registers 
for more than 33 output drivers. 


When the chip first powers ON, an internal power ON reset 
signal is generated which resets all registers and latches. 
The leading clock returns the chip to its normal operation. 
Figure 3 shows the timing relationship between data, clock 
and data enable. A maximum clock frequency of 0.5 MHz is 
assumed. 

For applications where a lesser number of outputs are used, 
it is possible to either increase the current per output, or 
operate the part at higher than IV VouT- The following 
equation can be used for calculations: 

Tj = (Vout) (Iled) (No. of segments) (124°C/W) -I- Ta 
where: 

Tj = junction temperature +150°C max. 

Vout = 'he voltage at the LED driver outputs 
•led = l-ED current 
124“C/W = thermal coefficient of the package 
Ta = ambient temperature 

The above equation was used to plot Figure 6, Figure 7, and 
Figure 8. 


clock Vh — 



FIGURES 


LEADING 
CLOCK * 1 



BIT 32 BIT 33 


RESET I I 
(INTERNAL) _J I 

’This leading clock is necessary only after power ON, 

FIGURE 4. Input Data Format 


RESET 

(INTERNAL) 
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POWER DISSIPATION (W) 


to 

00 

S) Typical Applications 


s 



TEMPERATURE ("0 ,Leo ,„A) 


TL/F/6142-6 TL/F/6142-7 

FIGURE 6 FIGURE 7 



NUMBER OF SEGMENTS 


TL/F/6142-8 

FIGURE 8 
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Typical Applications (Continued) 


Basic Electronically Tuned Radio System 


LED DISPLAY 



STATION 
DETECT. ETC 


TL/F/6142-11 



4-75 




MM58201 



National 

Semiconductor 


MM58201 Multiplexed LCD Driver 


General Description 

The MM58201 is a monolithic CMOS LCD driver capable of 
driving up to 8 backplanes and 24 segments. A 1 92-bit RAM 
stores the data for the display. Serial input and output pins 
are provided to interface with a controller. An RC oscillator 
generates the timing necessary to refresh the display. The 
magnitude of the driving waveforms can be adjusted with 
the Vtc input to optimize display contrast. Four additional 
bits of RAM allow the user to program the number of back- 
planes being driven, and to designate the driver as either a 
master or slave for cascading purposes. When two or more 
drivers are cascaded, the master chip drives the backplane 
lines, and the master and each slave chip drive 24 segment 
lines. Synchronizing the cascaded drivers is accomplished 
by tying the RC OSC pins together and the BP1 pins togeth- 
er. 

The MM58201 is packaged in a 40-lead dual-in-line pack- 
age, or 44 lead plastic chip carrier package. 


Features 

■ Drives up to 8 backplanes and 24 segment lines 

■ Stores data for display 

■ Cascadable 

■ Low power 

■ Fully static operation 

Applications 

■ Dot matrix LCD driver 

■ Multiplexed 7-segment LCD driver 

■ Serial in/Serial out memory 


Block Diagram 


BACKPLANES 



■Vtc 


> SEGMENT 


TL/F/6146-1 

FIGURE 1 
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Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, Storage Temperature Range -65°C to + 150°C 

contact the Nationai Semiconductor Sales Office/ Package Dissipation 500 mW 

Distributors lor avsilsbillt, and speclllcatlons. + 7.0V to Vss + 1 6.0V 

VoltageatAnyPin Vss -0.3V to Vss + 18V Lead Temperature (Solderlag, 

Operating Temperature Range O’Cto/O’C 10 seconds) 300“C 

DC ElOCtriCal Charactoristics Min/max limits apply across temperature range unless otherwise noted. 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Icc 

Quiescent Supply Current 




0.3 

mA 


Logical “1” Input Voltage 


0.45 Vdd 


Vdd +0.3 

V 


Logical “0” Input Voltage 


Vss-0.3 


1.0 

V 

VOUT(O) 

Logical “0” Output Voltage 

IsiNK = 0-6 niA 



0.4 

V 

l0UT(1) 

Logical "1” Output Leakage 
Current 

Vqut = Vdd 

0 


±10 

jaA 

l|N(1) 

Logical “1” Input Leakage 
Current 

V|N = Vdd 

0 


1.0 

]i.A 

l|N(0) 

Logical “0” Input Leakage 
Current 

VlN = Vss 

-1.0 


0 

]iA 

Vtc 

Input Voltage 


4.5 


Vdd+0.3 

V 

VjC 

Input Impedance 


10 


30 

kn 

Zqut 

Output Impedance 

Backplane and Segment 
Outputs 



10 

kn 

ZOUT 

DC Offset Voltage 

Between Any Backplane 
and Segment Output 

0 


±10 

mV 

AC ElaCtriCal Charactaristics T^ and Vdd within operating range unless otherwise noted. 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

fosc 

Oscillator Frequency* 


1287] 


4007] 

Hz 

fCLKIN 

Clock Frequency 


DC 


100 

kHz 

tON 

Clock Pulse Width 


5.0 



jaS 

tOFF 

Clock OFF Time 


5.0 



JLlS 


Input Data Set-Up Time 


2.0 



jas 

tH 

Input Data Hold Time 


1.0 



]XS 

Ucc 

Access Time 


5.0 



]XS 

tr 

Rise Time 

Backplane, Segment Outputs 
Cl = 2000 pF 



60 

]iS 

tf 

Fall Time 

Backplane, Segment Outputs 
Cl = 2000 pF 



60 

JU.S 

' T) is the number of backplanes programmed. 
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MM58201 



Top View 


TL/F/6146-2 


Plastic Chip Carrier 

cscsfo-'fin 
(/)(/></)(/)</) z >(/>(/>(/)(/) 



TL/F/6146-10 

Top View 


FIGURE 2 


Order Number MM58201N or MM58201V 
See NS Package Number N40A or V44A 



Backplane Output 



TL/F/6146-4 


Segment Output 
0.68 Vjc 
0.32 Vtc 

TL/F/6146-5 
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Functional Description 

A functional diagram of the MM58201 LCD driver is shown 
in Figure 1. Connection diagrams are shown in Figure 2. 

SERIAL INPUTS AND OUTPUTS 

^egative-going edge on the CS input initiates a frame. The 
CS input must then stay low for at least one rising edge of 
CLK IN, and may not be pulsed low again for the next 31 
clocks. At least one clock must occur while CS is high. If 
CLK IN is held at a logic “1 ”, CS is disabled. This allows the 
signal that drives CS to be used for other purposes when 
the MM58201 is not being addressed. 

CLK IN latches data from the DATA IN input on its rising 
edge. Data from the DATA OUT pin changes on the falling 
edge of CLK IN and is valid before the next rising edge. 
The first five bits of data following CS are the address bits 
(Figure 3). The address selects the column where the oper- 
ation is to start. Bit 1 is the MSB and bit 5 is the LSB. The 
sixth bit is the read/write bit. A logic “1" specifies a read 
operation and a logic “0” specifies a write operation. The 
next 24 bits are the data bits. The first data bit corresponds 
to the BP1 row of the display, the second data bit to the BP2 
row, and so on. After the eighth and sixteenth data bits, the 
column pointer is incremented. When starting address 
1 01 1 0 or 1 01 1 1 is specified, the column pointer increments 
from 10111 to 00000. 

During a read or write cycle, the LCD segment outputs do 
not reflect the data in the RAM. To avoid disrupting the 
pattern viewed on the display, the read or write cycle time 
should be kept short. Since the LCD turn-on time can be as 
little as 30 ms, a clock rate of at least 10 kHz would be 
required in order to address the entire contents of the RAM 
within that time interval. The formula below can be used to 
estimate the minimum clock rate: 

30 

where tg is the processor’s set-up time between each read 
or write cycle, and tLco is the minimum turn-on or turn-off 
time of the LCD as specified by the LCD manufacturer. 

The DATA OUT output is an open drain N-channel device to 
Vss (Figure 4). With an external pull-up this configuration 
allows the controller to operate at a lower supply voltage, 
and also permits the DATA OUT output to be wired in paral- 
lel with the DATA OUT outputs from any other drivers in the 
system. 

To program the number of backplanes being driven and the 
M/§ bit, load address 11000, a write bit, thr^ bits for the 
number of backplanes (Table I), and the M/S bit. The re- 
maining 20 data bits will be ignored but it is necessary to 
provide 21 more clocks before initiating another frame. 


TABLE I. Backplane Select 


Number of 
Backplanes 

B2 

B1 

BO 

2 

0 

0 

1 

3 

0 

1 

0 

4 

0 

1 

1 

5 

1 

0 

0 

6 

1 

0 

1 

7 

1 

1 

0 

8 

1 

1 

1 


RC OSC Pin 


This oscillator generates the timing required for multiplexing 
the liquid crystal display. The oscillator operates at a fre- 
quency that is 4 tj times the refresh rate of the display, 
where t] is the number of backplanes programmed. Since 
the refresh rate should be in the range from 32 Hz to 100 
Hz, the oscillator frequency must be: 


128t) ^ fosc ^ 400i) 

The frequency of oscillation is related to the external R and 
C components in the following way: 


fosc = 


1 

1.25 RC 


±30% 


The value used for the external resistor should be in the 
range from 10 kD to 1 Mfl. 

The value used for the external capacitor should be less 
than 0.005 juF. 


Vtc Pin 

The Vjc pin is an analog input that controls the contrast of 
the segments on the LCD. If eight backplanes are being 
driven (t) = 8), a voltage of typically 8V is required at 25°C. 
The voltage for optimum contrast will vary from display to 
display. It also has a significant negative temperature coeffi- 
cient. 

The voltage source on the Vyc input must be of relatively 
low impedance since the input impedance of Vjc ranges 
from 1 0 kn to 30 kfl. A suitable circuit is shown in Figure 5. 
In a standby mode, the Vjc input can be set to Vss- This 
reduces the supply current to less than 300 juA per driver. 


BACKPLANE AND SEGMENT OUTPUTS 

Connect the backplane and segment outputs directly to the 
LCD row and column lines. The outputs are designed to 
drive a display with a total ON capacitance of up to 2000 pF. 
The output structure consists of transmission gates tapped 
off of a resistor string driven by Vjc (Figure 6). 

A critical factor in the lifetime of an LCD is the amount of DC 
offset between a backplane and segment signal. Typically, 
50 mV of offset is acceptable. The MM58201 guarantees an 
offset of less than 1 0 mV. 

The BP1 output is disabled when the M/S bit is set to zero. 
This allows the BP1 output from the master chip to be con- 
nected directly to it so that synchronizing signals can be 
generated. Synchronization occurs once each refresh cycle, 
so the cascaded chips are assured of remaining synchroniz- 
ed. 
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Functional Description (Continued) 


r 



FIGURE 5. Typical Application 


TL/F/6146-8 
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MM58241 



National 

Semiconductor 


MM58241 High Voltage Display Driver 


General Description 

The MM58241 is a monolithic MOS integrated circuit utiliz- 
ing CMOS metal gate low threshold P- and N-channel devic- 
es. It is available both in 40-pin molded dual-in-line pack- 
ages or as dice. The MM58241 is particularly suited for driv- 
ing high voltage (BOV max) vacuum fluorescent (VF) dis- 
plays (e.g., a 32-digit alphanumeric or dot matrix display). 

Applications 

■ COPSTM or microprocessor-driven displays 

■ Instrumentation readouts 

■ Industrial control indicator 

■ Digital clock, thermostat, counter, voltmeter 

■ Word processor text displays 

■ Automotive dashboards 


Features 

■ Direct interface to high voltage display 

■ Serial data input 

■ No external resistors required 

■ Wide display power supply operation 

■ LSTTL compatible inputs 

■ Software compatible with NS display driver family 

■ Compatible with alphanumeric or dot matrix displays 

■ Display blanking control input 

■ Simple to cascade 


Block Diagram 


OUTPUT OUTPUT 

32 1 



FIGURE 1 


TL/F/5600-1 
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Absolute Maximum Ratings Operating Conditions 



If Military/Aerospace specified devices are required, 

Min 

Max 

Units 

contact 

the National Semiconductor Sales Office/ Supply Voltage (Vpp) 




Distributors for availability and specifications. ^SS ~ 

4.5 

5.5 

V 

Voltage at Any Input Pin Vdd + 0.3V to Vss ~ 0.3V Display Voltage (Vqis) 

55 

-25 

V 

Voltage at Any Display Pin Vqd to Vpp - 62.5V Temperature Range - 

40 

-F85 

°c 

Vdd + IVdisI 

62.5V 





Storage Temperature 

-65‘'Cto +150'’C 





Power Dissipation 

500 mWat +85“C 





Junction Temperature 
Lead Temperature 

130°C 





(Soldering, 10 sec.) 

260°C 





DC Electrical Characteristics 

Ta = -40‘’C to -l-85°C, Vpp = 5V ±0.5V, Vss = OV unless otherwise specified 





Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


Power Supply Currents 

V|N = Vss or Vpp, Vss = OV, 





Idd 


Vpis Disconnected 



150 

jaA 

Idis 


Vpp = 5.5V, Vss = OV. Vpis = -55V 
All Outputs Low 



10 

mA 


Input Logic Levels 
DATA IN, CLOCK 
ENABLE, BLANK 






VlL 

Logic ‘O' 




0.8 

V 

V|H 

Logic ‘T 

(Note 1) 

2.4 



V 


Data Output Logic Levels 






Vql 

Logic ‘0’ 

loUT = 400 fiA 



0.4 

V 

Vqh 

Logic ‘1’ 

•out = -10 jxA 

d 

1 

o 

o 

> 



V 

Vqh 

Logic ‘1’ 

'out = -500 fiA 

2.8 



V 

l|N 

Input Currents 
DATA IN, CLOCK 
ENABLE, BLANK 

V|N = OV or Vpp 

-10 


10 

fiA 

C|N 

Input Capacitance 
DATA IN, CLOCK 
ENABLE, BLANK 




15 

PF 


Display Output Impedances 

Vpp = 5.5V, Vss = 0V 





Rqff 

Output Off (Figure 3a) 

Vpis = -25V 

60 


400 

kn 



Vpis = -40V 

70 


550 

kfl 



Vpis = -55V 

80 


650 

kn 

Ron 

Output On (Figure 3b) 

Vpis = -25V 


3.0 

4.0 

kn 



Vpis = -40V 


2.6 

3.7 

kn 



Vpis = -55V 


2.3 

3.4 

kn 

Vdol 

Display Output Low Voltage 

Vpp = 5.5V, IpuT = Open Circuit, 
— 55V ^ Vpis ^ —25V 

Vpis 


Vpis + 4 

V 

Note 1: 74LSTTL Vqh = 2.7V ® Iqut = “400 fiA. TTL Vqh = 2.4V @ Iqut = -400 ^^A. 
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MM58241 


AC Electrical Characteristics ta = -40°cto +85°c, vdd = sv ±o.5v 


Symbol 

Parameter 

fc 

Clock Input 
Frequency 

tH 

High Time 

»L 

Low Time 

tDS 

Data Input 
Set-Up Time 

tDH 

Hold Time 

t£S 

Enable Input 
Set-Up Time 

tEH 

Hold Time 

tCDO 

Data Output 

CLOCK Low to Data Out 
Time 


Conditions 


(Notes 3 and 4) 














Cl = 50 pF 







Functional Description 

This product is specificaily designed to drive multipiexed or 
non-muitipiexed high voitage alphanumeric or dot matrix 
vacuum fluorescent (VF) displays. Character generation is 
done externally in the microprocessor, with a serial data 
path to the display driver. The MM58421 uses three signals, 
DATA IN, CLOCK and ENABLE, where ENABLE acts as an 
external load signal. Display blanking can be achieved by 
means of the BLANKING CONTROL input, and a logic ‘1’ 
will turn off all sections of the display. A block diagram of 
the MM58241 is shown in Figure 1. 

Figure 2 shows the pinout of the MM58241 device, where 
output 1 (pin 1 8) is equivalent to bit 1 , i.e., the first bit of data 


to be loaded into the shift register following ENABLE high. A 
logic ‘1’ at the input will turn on the corresponding display 
digit/segment/dot output. 

A significant reduction in discrete board components can be 
achieved by use of the MM58241, because external pull- 
down resistors are not required. Due to the nature of the 
output stage, both its on and off impedance values vary as a 
function of the display voltage applied. However, Figures 3a 
and 3b show that this output impedance will remain con- 
stant for a fixed value of display voltage. 


4-84 




























Functional Description (Continued) 

Figure 4 demonstrates the critical timing requirements be- 
tween CLOCK and DATA IN for the MM58241. 

When the chip first powers on, an internal reset is generat- 
ed, resetting all registers and latches. The chip returns to 
normal operation on application of ENABLE, and so all inter- 
face signals should be inactive at power on. 

In Figure 5, the ENABLE signal acts as an envelope, and 
only while this signal is at a logic '1' does the circuit accept 
CLOCK input signals. Data is transferred and shifted in the 
internal shift register on the rising clock edge, i.e., 
transition. When the ENABLE signal goes low, the contents 
of the shift registers are latched, and the display will show 


new data. During data transfer, the display will show old 
data. DATA OUT is also provided on the MM58241, being 
output on the falling edge. At any time, the display may be 
blanked under processor control, using the BLANKING 
CONTROL input. 

Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58241 is used to provide the 
grid drive for a 32-digit 5 x 7 dot matrix vaccum fluorescent 
(VF) display. The anode drive in this example is provided by 
another member of the high voltage display driver family, 
namely the MM58248, which does not require an externally 
generated load signal. 


+85»C +25°C TYPICAL 


(650 kO / 250 kfl 


f400kQ/l85 kO^^ 


FIGURE 3a. Output Impedance Off 


4.0 kO MAX 
AT -h 85«C, Vois = -25V> 


3.3 kO TYPICAL 
AT +25‘'C, Vdis = -40V 
^ ^ 2.3 kO MAX 

' AT -40'C, Vdis = -55V 


Timing Diagrams 


FIGURE 3b. Output Impedance On 



For the purposes of AC measurements, V|h = 2.4V, V|l = 0.8V. 

FIGURE 4. Clock and Data Timings 
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Timing Diagrams (Continued) 



BLANKING 

CONTROL 


50 % 




DISPLAY 

OUTPUT 


VoD 


VdiS ' 



FIGURE 5. MM58241 Timings (Data Format) 


TL/F/5600-6 


Typicai Appiication 



TL/F/5600-7 

FIGURE 6. Microprocessor-Controlled Word Processor 
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National 

Semiconductor 


MM58242 High Voltage Display Driver 


General Description 

The MM58242 is a monolithic MOS integrated circuit utiliz- 
ing CMOS metal gate low threshold P and N-channel devic- 
es. It is available both in 28-pin molded dual-in-line pack- 
ages or as dice. The MM58242 is particularly suited for driv- 
ing high voltage (60V max) vacuum fluorescent (VF) dis- 
plays (e.g., a 20-digit alphanumeric or dot matrix display). 

Applications 

■ cops™ or microprocessor-driven displays 

■ Instrumentation readouts 

■ Industrial control indicator 

■ Digital clock, thermostat, counter, voltmeter 

■ Word processor text displays 

■ Automotive dashboards 


Features 

□ Direct interface to high voltage display 
B Serial data input 

■ No external resistors required 

■ Wide display power supply operation 
a LSTTL compatible inputs 

a Software compatible with NS display driver family 

■ Compatible with alphanumeric or dot matrix displays 

■ Display blanking control input 

■ Simple to cascade 


Block Diagram 


BLANKING 

CONTROL 


DATA 

IN 


CLOCK 


ENABLE 


OUTPUT OUTPUT 

20 1 



Vdis 


DATA 

OUT 


FIGURE 1 


TL/F/7924-1 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Voltage at Any Input Pin Vqd + 0.3V to Vss -0.3V 


Voltage at Any Display Pin 

Vdd +|VdisI 

Storage Temperature 

Power Dissipation 

Junction Temperature 

Lead Temperature (Soldering, 10 sec.) 


Vdd to Vdp -62.5V 
62.5V 

-65°Cto +150“C 
500 mV\/at +85'’C 
130“C 
260°C 


Operating Conditions 


Supply Voltage (Vdd) 

Min 

Max 

Units 

> 

o 

II 

CO 

CO 

> 

4.5 

5.5 

V 

Display Voltage (Vpis) 

-55 

-25 

V 

Temperature Range 

-40 

+ 85 

°c 


DC Electrical Characteristics 

Ta = -40°Cto +85°C, VpD = 5V ± 0.5V, Vss = OV uniess otherwise specified 


Symboi 

Parameter 

Conditions 

Min 

Typ 1 

Max 

Units 

Idd 

Power Supply Currents 

V|N = Vss or Vdd. Vss — OV, Vpis Disconnected 


■ 

150 

Ilk 

■dis 


Vdd = 5.5V, Vss = OV, Vpis = 55V 
All Outputs Low 



10 

mA 


Input Logic Levels 
DATA IN, CLOCK 
ENABLE, BLANK 


■ 

1 



V|L 

Logic ‘0’ 




0.8 

V 

V|H 

Logic ‘1’ 

(Note 1) 

■SH 



V 


Data Output Logic Leveis 



■ 



VoL 

Logic ‘O' 

Iqut = 400 )xA 



0.4 

V 

VOH 

Logic ‘1’ 

loUT = -10 ^lA 

Vdd-0.5 



mm 

Vqh 

Logic ‘1’ 

loUT = -500 Ilk 

2.8 

im 


MM 

l|N 

Input Currents 
DATA IN, CLOCK 
ENABLE, BLANK 

V|N = OV or Vdd 

-10 

■ 

10 

}ik 

C|N 

Input Capacitance 
DATA IN, CLOCK 
ENABLE, BLANK 



■ 

15 

PF 


Display Output Impedances 

Vdd = 5.5V, Vss — OV 

■■ 




Rqff 

Output Off (Figure 3a) 

VdIS = -25V 



400 

kfl 



Vdis = -40 V 

mSM 


550 

kn 



Vdis = -55V 

80 


650 

kn 

Ron 

Output On (Figure 3b) 

Vdis = -25V 


3.0 

4.0 

kn 



Vdis = 40V 


2.6 


kn 



Vdis = -55V 


2.3 

■■ 

kn 

Vqol 

Display Output Low Voltage 

Vdd = 5.5V, Iqut = Open Circuit, 
-55V ^ Vdis ^ -25V 

Vdis 


Vdis + 4 

V 


Note 1: 74LSTTL Vqh ~ 2,7V @ loUT ~ ~400 /n.A, TTL Vqh “ 2.4V @ louT “ ~400 /iiA. 
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AC Electrical Characteristics ta = -40°cto + 85 °c, vdd = sv ±o.sv 


Parameter 


Clock Input 
Frequency, fc 
High Time, tn 
Low Time, ti_ 


Data Input 
Set-Up Time, tps 
Hold Time, Idh 


Enable Input 
Set-Up Time, tgg 
Hold Time, tgn 


Conditions 


(Notes 3 and 4) 



Cl = 50 pF 


Data Output 

CLOCK Low to Data Out 
Time, tcoo 


Note 2: For timimg purposes, the signals ENABLE and BLANK can be considered to be totally independent of each other. 
Note 3: AC input waveform specification for test purposes: t, :£20 ns, t( ^20 ns, f = 800 kHz, 50% ±10% duty cycle. 
Note 4: Clock input rise and fall times must not exceed 5 ^s. 


Max 

Units 

800 

kHz 


ns 


ns 


ns 


ns 


ns 


ns 

500 

ns 


Connection Diagrams 


Dual-ln-Llne Package 


Vss (OV) — 1 
OUTPUT 11 — 2 
OUTPUT 10 — 3 
OUTPUT 9 — 4 
OUTPUT 8 — 5 
OUTPUT 7 — 6 
OUTPUT 6 — 7 
OUTPUT 5 — 8 
OUTPUT 4 — 9 
OUTPUT 3 — 10 
OUTPUT 2 — 11 
OUTPUT 1 — 12 
Vois — 13 
Vdd (5V) — 14 


1 

"XT- 

28 

2 


27 

3 


26 

4 


25 

5 


24 

6 


23 

7 

MM58242 

22 

8 


21 

9 


20 

10 


19 

11 


18 

12 


17 

13 


16 

14 


15 


28 — OUTPUT 12 
27 — OUTPUT 13 
26 — OUTPUT 14 
25 — OUTPUT 15 
24 — OUTPUT 16 
23 — OUTPUT 17 
22 — OUTPUT 18 
21 — OUTPUT 19 
20 — OUTPUT 20 
19 — 8LANKING CONTROL 
18 — ENABLE 
17 — DATA OUT 
16 — DATA IN 


Top View 
FIGURE 2 

Order Number MM58242N 
See NS Package Number N28B 


Plastic Chip Carrier 

O ^ CM K> 


=>=>=> =>=>=> 
p: g: „ fc p: e: 

=> = 3 OT => => 

O O O > O O O 


OUTPUT 8-5 
OUTPUT 7-6 
OUTPUT 6-7 
OUPUT 5-8 
OUPUT 4-9 
0UPUT3- 10 
OUPUT 2-11 



4 

3 

2 

1 

28 

27 

26 


5 








25 

6 








24 

7 








23 

8 



MM58242V 



22 

9 








21 

10 








20 

11 








19 


12 

13 

14 

15 

16 

17 

18 



T 

T 

(A 

nr 

o 

T 

T 

z 

T 

T 

LJ 



I— 

=3 

Q_ 

►— 

ID 

o 


> 

O 

i3 

2 

O 

2 

CS 

< 

z 



25 - OUTPUT 15 
24 - OUTPUT 16 
23 — OUTPUT 17 
22 — OUTPUT 18 
21 —OUTPUT 19 
20 - OUTPUT 20 
19 — BLANKING CONTROL 


Top View 

Order Number MM58242V 
See NS Package Number V28A 
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Functional Description 

This product is specifically designed to drive multiplexed or 
non-multiplexed high voltage alphanumeric or dot matrix 
vacuum fluorescent (VF) displays. Character generation is 
done externally in the microprocessor, with a serial data 
path to the display driver. The MM58242 uses three signals, 
DATA IN, CLOCK and ENABLE, where ENABLE acts as an 
external load signal. Display blanking can be achieved by 
means of the BLANKING CONTROL input, and a logic ‘1’ 
will turn off all sections of the display. A block diagram of 
the MM58242 is shown in Figure 1. 

Figure 2 shows the pinout of the MM58242 device, where 
output 1 (pin 12) is equivalent to bit 1 (i.e., the first bit of data 
to be loaded into the shift register following ENABLE high). 
A logic ‘1’ at the input will turn on the corresponding display 
digit/segment/dot output. 

A significant reduction in discrete board components can be 
achieved by use of the MM58242, because external pull- 
down resistors are not required. Due to the nature of the 
output stage, both its on and off impedance values vary as a 
function of the display voltage applied. However, Figures 3a 
and 3b show that this output impedance will remain con- 
stant for a fixed value of display voltage. 

Figure 4 demonstrates the critical timing requirements be- 
tween CLOCK and DATA IN for the MM58242. 


When the chip first powers on, an internal reset is generat- 
ed, resetting all registers and latches. The chip returns to 
normal operation on application of ENABLE, and so all inter- 
face signals should be inactive at power on. 

In Figure 5, the ENABLE signal acts as an envelope, and 
only while this signal is at a logic ‘1 ’ does the circuit accept 
CLOCK input signals. Data is transferred and shifted in the 
internal shift register on the rising clock edge, i.e., 
transition. When the ENABLE signal goes low, the contents 
of the shift registers are latched, and the display will show 
new data. During data transfer, the display will show old 
data. DATA OUT is also provided on the MM58242 being 
output on the falling edge. At any time, the display may be 
blanked under processor control, using the BLANKING 
CONTROL input. 

Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58242 is used to provide the 
grid drive for a 40-digit 2 line 5X7 multiplexed vacuum 
fluorescent (VF) display. The anode drive in this example is 
provided by another member of the high voltage display 
driver family, namely the MM58248, which does not require 
an externally generated load signal. 



FIGURE 3a. Output Impedance Off 



FIGURE 3b. Output Impedance On 
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Timing Diagrams 



For the purposes of AC measurement, V|h = 2.4V, Vil = 0.8V. 

FIGURE 4. Clock and Data Timings 
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Typical Application 



FIGURE 6. Microprocessor-Controlled Word Processor 
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National 

Semiconductor 


MM58248 High Voltage Display Driver 


General Description 

The MM58248 is a monolithic MOS integrated circuit utiliz- 
ing CMOS metal gate low threshold P- and N-channel devic- 
es. It is available both in 40-pin molded dual-in-line pack- 
ages or as dice. The MM58248 is particularly suited for driv- 
ing high voltage (60V max) vacuum fluorescent (VF) dis- 
plays (e.g., a 5 X 7 dot matrix display). 

Applications 

■ COPSTM or microprocessor-driven display 

■ Instrumentation readouts 

■ Industrial control indicator 

■ Digital clock, thermostat, counter, voltmeter 

■ Word processor text displays 

■ Automotive dashboards 


Features 

■ Direct interface to high voltage display 

■ Serial data input 

■ No external resistors required 

■ Wide display power supply operation 

■ LSTTL compatible inputs 

■ Software compatible with NS display driver family 

■ Compatible with alphanumeric or dot matrix displays 

■ No load signal required 


Block Diagram 


OUTPUT OUTPUT 

35 1 



FIGURE 1 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Voltage at Any Input Pin Vdd + 0.3V to Vss ~ 0.3V 

Voltage at Any Display Pin Vdd to Vdd ~ 62.5V 

Vdd + IVdisI 62.5V 

Storage T emperature - 65°C to + 1 50°C 

Power Dissipation 500 mW at + 85°C 


Junction Temperature 
Lead Temperature 
(Soldering, 10 seconds) 

Operating Conditions 

Min 

Supply Voltage (Vdd) 

Vss = OV 4.5 

Display Voltage (Vdis) - 55 

Temperature Range -40 


DC Eiectrical Characteristics 

Ta = -40°C to +85°C, Vdd = 5V ±0.5V, Vss = OV unless othenvise specified 


Conditions 


V|N = Vss or Vdd. Vss = OV, 
Vdis Disconnected 


Vdd = 5.5V, Vss = OV, 

Vdis = -55V, All Outputs Low 


(Note 1) 


V|N = OV or Vdd 


Vdd = 5.5V, Vss = 0V 
Vdis = -25V 
Vdis = —40V 
Vdis = -55V 


Vdd = 5.5V, Vss = ov 
Vdis = -25V 
Vdis — — 40V 
Vdis = -55V 


Vdd = 5.5V, Iqut = Open Circuit, 
-55V ^ Vdis ^ -25V 


Note 1: 74LSTTL Vqh = 2.7V @ Iqut 400 fi/K, TTL Vqh = 2.4V @ IquT = “400 )xK 

AC Electrical Characteristics ta = -4o°cto + 85 'c,vdd = 5v ±o.5v 


Symbol 

Parameter 

Idd 

Power Supply Currents 

■dis 


VlL 

Input Logic Levels 
DATA IN, CLOCK Logic ‘0’ 

V|H 

Input Logic Levels 
DATA IN, CLOCK Logic ‘1’ 

l|N 

Input Currents, DATA IN, CLOCK 

C|N 

Input Capacitance, DATA IN, CLOCK 

Rqff 

Display Output Impedances 
Output Off (Figure 3a) 

Ron 

Display Output Impedances 
Output on (Figure 3b) 

Vdol 

Display Output 
Low Voltage 



Vdis + 4 


Symbol 

Parameter 

Conditions 

fc 

Clock Input Frequency 

(Notes 2, 3) 

tH 

Clock Input High Time 


tL 

Clock Input Low Time 


Ids 

Data Input Setup Time 

Cl = 50 pF 

tDH 

Data Input Hold Time 




Note 2: AC input waveform specification for test purposes: t,, t( ^ 20 ns, f = 1 MHz, 50% ±10% duty cycle. 
Note 3: Clock Input rise and fall times must not exceed 5 ^s. 
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Connection Diagrams 

Dual-ln-Line Package Plastic Chip Carrier 
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Order Number MM58248N 
See NS Package Number N40A 


FIGURE 2 


Top View 
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Order Number MM58248V 
See NS Package Number V44A 


Functionai Description 

This product is specifically designed to drive multiplexed or 
non-multiplexed high voltage alphanumeric or dot matrix 
vacuum fluorescent (VF) displays. Character generation is 
done externally in the microprocessor, with a serial data 
path to the display driver. The MM58248 uses two signals, 
DATA IN and CLOCK, with a format of a leading ‘1 ’ followed 
by the 35 data bits, hence allowing data transfer without an 
additional signal. A block diagram of the MM58248 is shown 
in Figure 1. 

Figure 2 shows the pinout of the MM58248 device, where 
output 1 (pin 1 8) is equivalent to bit 1 , i.e., the first bit of data 
to be loaded into the shift register following the start bit. A 
logic T at the input will turn on the corresponding display 
digit/segment/dot output. 

A significant reduction in discrete board components can be 
achieved by the use of the MM58248, because external 
pull-down resistors are not required. Due to the nature of 
the output stage, both its on and off impedance values vary 
as a function of the display voltage applied. However, Fig- 
ures 3a and 3b show that this output impedance will remain 
constant for a fixed value of display voltage. 

Figure 4 demonstrates the critical timing requirements be- 
tween CLOCK and DATA IN for the MM58248. 

When the chip first powers on, an internal reset is generat- 
ed, resetting all registers and latches. The chip returns to 


normal operation on application of the start bit and the first 
clock pulse, and so all interface signals should be inactive 
at power on. 

In Figure 5, a start bit of logic ‘1’ precedes the 35 bits of 
data, each bit being accepted on the rising edge of CLOCK, 
i.e., a transition. At the 36th clock, a LOAD signal is 
generated synchronously with the high state of the clock, 
thus loading the 35 bits of the shift register into the latches. 
At the low state of the clock, a RESET signal is generated, 
clearing all bits of the shift register for the next set of data. 
Hence, a complete set of 36 clock pulses is needed for the 
MM58248, or the shift register will not clear. If, at any given 
time, it is required that the display be cleared under micro- 
processor control, i.e., without power on reset, then the fol- 
lowing flushing routine may be used. Clock in 36 ‘zeroes’, 
followed by a ‘one’ (start bit), followed by 35 'zeroes’. This 
procedure will completely blank the display. 

Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58248 is used to provide the 
anode drive for a 32-digit 5 x 7 dot matrix vacuum fluores- 
cent (VF) display. The grid drive in this example is provided 
by another member of the high voltage display driver family, 
namely the MM58241, which has the additional features of 
a BLANKING CONTROL pin, a DATA OUT pin, and an 
ENABLE (external load signal) pin. 
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Functional Description (Continued) 


+ 85‘'C +25»C TYPICAL 


(650 kn / 250 kO 


<2 39.5 - I / ✓ X 

> fi 400 kn /l85 kn^ ^ X 

+ 29.5 -// X eokfl 

g h 


FIGURE 3a. Output Impedance Off 


4.0 kn MAX 3.3 kn TYPICAL 
AT +85“C, VoiS = -25V > AT +25°C, Vdis = -40V 


2.3 kn MAX 

AT -40°C, Vdis = -55V 


Timing Diagrams 


FIGURE 3b. Output Impedance On 



For the purposes of AC measurement, V|n = 2.4V, V|l = 0.8V. 

FIGURE 4. Clock and Data Timings 


CLK35 CLK CLK1 CLK2 CLK3 


CLK33 CLK 34 CLK 35 CLK 


OATA IK ^BIT 35 / START ^ BIT 1 ^ BIT 2 ^ BIT 3 


' BIT 33^ BIT 34 3IT 35 / ^5^ 


LOAD 

(INTERNAL) 


RESET 

(INTERNAL) 


FIGURE 5. MM58248 Timings (Data Format) 
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FIGURE 6. Microprocessor-Controlled Word Processor 
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MM58341 High Voltage 


Display Driver 


General Description 

The MM58341 is a monolithic MOS integrated circuit utiliz- 
ing CMOS metal gate low threshold P and N-channel devic- 
es. It is available both in 40-pin molded dual-in-line pack- 
ages or as dice. The MM58341 is particularly suited for driv- 
ing high voltage (35V max) vacuum fluorescent (VF) dis- 
plays, (e.g., a 32-digit alphanumeric or dot matrix display). 

Applications 

■ cops™ or microprocessor-driven displays 

■ Instrumentation readouts 

■ Industrial control indicator 

■ Digital clock, thermostat, counter, voltmeter 

■ Word processor text displays 

■ Automotive dashboards 


Features 

■ Direct interface to high voltage display 

■ Serial data input 

■ No external resistors required 

■ Wide display power supply operation 

■ LSTTL compatible inputs 

■ Software compatible with NS display driver family 

■ Compatible with alphanumeric or dot matrix displays 

■ Display blanking control input 

■ Simple to cascade 


Block Diagram 


OUTPUT 

32 


OUTPUT 

1 



• Vdis 


DATA 

OUT 


TUF/5603-1 
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Absolute Maximum Ratings 

Operating Conditions 



If Military/Aerospace specified devices are required, 

Min 

Max 

Units 

contact 

the National Semiconductor Sales Office/ Supply Voltage (Vdd) 


5.5 


Distributors for availability and specifications. ^SS ~ 

4.5 

V 

Voltage at Any Input Pin Vdd + 0.3V to Vss - 0.3V Display Voltage (Vqis) -30 

-10 

V 

Voltage at Any Display Pin Vqd to Vqq - 36.5V Temperature Range -40 

-1-85 

°c 

VpD + IVdIsI 

36.5V 





Storage Temperature -65°Cto +150°C 

Power Dissipation 500 mW at + 85°C 





Junction Temperature 

130°C 





Lead Temperature (Soldering, 10 seconds) 

260°C 





DC Electrical Characteristics 





Ta = -40'’Cto +85°C, Vdd = 5V ±0.5V, Vss 

= OV unless otherwise specified 





Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Idd 

Power Supply Currents 

V|N = Vss or Vdd. Vss = OV, 

Vdis Disconnected 



150 

jiA 

Idis 


Vdd = 5.5V, Vss = OV, 

Vdis = —30V, All Outputs Low 



10 

mA 

V|L 

Input Logic Levels DATA IN, 
CLOCK ENABLE, BLANK Logic ‘0’ 




0.8 

V 

V|H 

Input Logic Levels DATA IN, 
CLOCK ENABLE, BLANK Logic ‘1’ 

(Note 1) 

2.4 

■ 


V 

VoH 

Data Output Logic Levels 
Logic ‘0’ 

loUT = 400 /xA 



0.4 

n 

VOH 

Data Output Logic Levels 
Logic ‘1’ 

loUT = — 10 fxA 

Vdd - 0.5 



V 

VoH 

Data Output Logic Levels 
Logic ‘1’ 

loUT = -500 fiA 

2.8 



m 

l|N 

Input Currents DATA IN, 
CLOCK ENABLE, BLANK 

V|N = OV or Vdd 

-10 


10 

jaA 

C|N 

Input Capacitance DATA IN, 
CLOCK ENABLE, BLANK 




15 

PF 

Rqff 

Display Output Impedances 

Vdd = 5.5V, Vss = ov 



■n 



Output Off (Figure 3a) 

Vdis = -iov 

55 



kn 



Vdis = -20V 

60 



kn 



Vdis = ~30V 

65 


400 

kn 

Ron 

Display Output Impedances 
Output On (Figure 3b) 

Vdis = -iov 


700 

800 

n 



Vdis = -20V 


600 

750 

a 



Vdis = — 30V 



680 

n 

Vdol 

Display Output Low Voltage 

Vdd = 5.5V, Iqut = Opon Circuit, 
-30V ^ Vdis ^ -iov 

Vdis 


Vdis + 2 

V 

Note 1: 74LSTTL Vqh = 2.7V @ IquT = “400 fiA, TTL Vqh = 2.4V @ Iqut = “400 jiA. 
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AC Electrical Characteristics ta = -wcto + ss^c.vdd = sv ±o.5v 

Conditions Min ] 

(Notes 3, 4) 


Symbol 

Parameter 

fc 

Clock Input Frequency 

tH 

Clock Input High Time 

tL 

Clock Input Low Time 

Ids 

Data Input Setup Time 

*DH 

Data Input Hold Time 

tES 

Enable Input Setup Time 

tEH 

Enable Input Hold Time 

<CDO 

Data Output Clock Low to 
Data Out Time 



Min 

Typ 

Max 

Units 



800 

kHz 

300 



ns 

300 



ns 

too 



ns 

100 



ns 

100 



ns 

100 



ns 



500 

ns 


Cl = 50 pF 


Note 2: Note that, for timing purposes, the signals ENABLE and BLANK can bo considered to bo totally independent of each other. 
Note 3: AC input waveform specification for test purpose: t^ ^ 20 ns, tf ^ 20 ns. f = 800 kHz, 50% ±10% duty cycle. 

Note 4: Clock input rise and fall times must not exceed 5 fis. 


Connection Diagrams 

Dual-ln-Line Package 



OUTPUT 18 
OUTPUT 19 
OUTPUT 20 
OUTPUT 21 
OUTPUT 22 
OUTPUT 23 
OUTPUT 24 
OUTPUT 25 
OUTPUT 26 
OUTPUT 27 
OUTPUT 28 
OUTPUT 29 
OUTPUT 30 
OUTPUT 31 
OUTPUT 32 
BUNKING CONTROL 
ENABLE 
DATA OUT 
DATA IN 


Top View 

Order Number MM58341N 
See NS Package Number N40A 

Plastic Chip Carrier 
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OUTPUT 10- 10 
OUTPUT 9- 11 
N/C- 12 
OUTPUTS- 13 
OUTPUT 7- 14 
OUTPUT 6-15 
OUTPUT 5-16 
OUTPUT 4-17 


39 - OUTPUT 23 
38 - OUTPUT 24 
37 - OUTPUT 25 
36 - OUTPUT 26 
35 - OUTPUT 27 
34 - N/C 
33 — OUTPUT 28 
32 - OUTPUT 29 
31 — OUTPUT 30 
30 - OUTPUT 31 
29 - OUTPUT 32 
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I I I L L i i ' i- i X 

^ ^ ^ Q Q V. O ~ =3 -J zo 

^ ^ ^ 

=> n => “ < J o 

O O O Q CO 

Top View 

Order Number MM58341V 
See NS Package Number V44A 


Functional Description 

This product is specifically designed to drive multiplexed or 
non-multiplexed high voltage alphanumeric or dot matrix 
vacuum fluorescent (VF) displays. Character generation is 
done externally in the microprocessor, with a serial data 
path to the display driver. The MM58341 uses three signals, 
DATA IN, CLOCK and ENABLE, where ENABLE acts as an 
external load signal. Display blanking can be achieved by 
means of the BLANKING CONTROL input, and a logic ‘1’ 
will turn off all sections of the display. A block diagram of 
the MM58341 is shown in Figure 1. 

Figure 2 shows the pinout of the MM58341 device, where 
output 1 (pin 1 8) is equivalent to bit 1 (i.e., the first bit of data 
to t36 loaded into the shift register following ENABLE high). 
A logic ‘1’ at the input will turn on the corresponding display 
digit/segment/dot output. 

A significant reduction in discrete board components can be 
achieved by use of the MM58341, because external pull- 
down resistors are not required. Due to the nature of the 
output stage, both its on and off impedance values vary as a 
function of the display voltage applied. However, Figures 3a 
and 3b show that this output impedance will remain con- 
stant for a fixed value of display voltage. 

Figure 4 demonstrates the critical timing requirements be- 
tween CLOCK and DATA IN for the MM58341. 

When the chip first powers on, an internal reset is generat- 
ed, resetting all registers and latches. The chip returns to 
normal operation on application of ENABLE, and so all inter- 
face signals should be inactive at power on. 

In Figure 5, the ENABLE signal acts as an envelope, and 
only while this signal is at a logic ‘V does the circuit accept 
CLOCK input signals. Data is transferred and shifted in the 
internal shift register on the rising clock edge, i.e., 
transition. When the ENABLE signal goes low, the contents 
of the shift registers are latched, and the display will show 
new data. During data transfer, the display will show old 
data. DATA OUT is also provided on the MM58341, being 
output on the falling edge. At any time, the display may be 
blanked under processor control, using the BLANKING 
CONTROL input. 

Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58341 is used to provide the 
grid drive for a 32-digit 5 x 7 dot matrix vacuum fluorescent 
(VF) display. The anode drive in this example is provided by 
another member of the high voltage display driver family, 
namely the MM58348, which does not require an externally 
generated load signal. 
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Typical Application 



TL/F/5603-7 

FIGURE 6. Microprocessor-Controlled Word Processor 
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MM58342 High Voltage 


Display Driver 


General Description 

The MM58342 is a monolithic MOS integrated circuit utiliz- 
ing CMOS metal gate low threshold P- and N-channel devic- 
es. It is available both in 28-pin molded dual-in-line pack- 
ages or as dice. The MM58342 is particularly suited for driv- 
ing high voltage (35V max) vacuum fluorescent (VF) dis- 
plays (e.g., a 20-digit alphanumeric or dot matrix display). 

Applications 

■ COPSTM or microprocessor-driven displays 

■ Instrumentation readouts 

■ Industrial control indicator 

■ Digital clock, thermostat, counter, voltmeter 

■ Word processor text displays 

■ Automotive dashboards 


Features 

■ Direct interface to high voltage display 

■ Serial data input 

■ No external resistors required 

■ Wide display power supply operation 

■ LSTTL compatible inputs 

■ Software compatible with NS display driver family 

■ Compatible with alphanumeric or dot matrix displays 

■ Display blanking control input 

■ Simple to cascade 


Block Diagram 


OUTPUT OUTPUT 

20 1 


BLANKING 

CONTROL 


OATA 

IN 


CLOCK 


ENABLE 



Vdis 


DATA 

OUT 


FIGURE 1 
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Absolute Maximum Ratings Operating Conditions 



If Military/Aerospace specified devices are required, 

Min 

Max 

Units 

contact 

the National Semiconductor Sales Office/ Supply Voltage (Vdd) 


5.5 


Distributors for availability and specifications. ^SS ~ 

4.5 

V 

Voltage at Any Input Pin Vdd + 0.3V to Vss - 0.3V Display Voltage (Vdis) 

30 

-10 

V 

Voltage at Any Display Pin Vqd to Vqd ~ 36.5V Temperature Range - 

40 

+ 85 

°c 

Vdd + IVdisI 

36.5V 





Storage Temperature 

-65°Cto +150‘'C 





Power Dissipation 

500 mWat +85‘‘C 





Junction Temperature 

130°C 





Lead Temperature (Soldering, 10 sec.) 

260“C 





DC Electrical Characteristics 

Ta = -40°Cto +85°C, Vdd = 5V ±0.5V, Vss = OV unless othenvise specified 





Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


Power Supply Currents 






Idd 


V|N = Vss or Vdd. Vss = ov, 
Vdis Disconnected 



150 

jxA 

Idis 


Vdd = 5.5V. Vss = OV, Vdis = -30 V 
All Outputs Low 



10 

mA 


Input Logic Levels 
DATA IN. CLOCK 
ENABLE. BLANK 






VlL 

Logic ‘O' 




0.8 

V 

V|H 

Logic ‘1’ 

(Note 1) 

2.4 



V 


Data Output Logic Levels 






VoL 

Logic ‘O' 

Iqut = 400 juA 



0.4 

V 

Vqh 

Logic '1' 

loUT = — 1 0 fiA 

Vdd - 0.5 



V 

Vqh 

Logic '1' 

loUT “ - 500 )xA 

2.8 



V 

l|N 

Input Currents DATA IN, 
CLOCK ENABLE, BLANK 

V|N = OV or Vdd 

-10 


10 

/xA 

C|N 

Input Capacitance DATA IN, 
CLOCK ENABLE, BLANK 




15 

PF 


Display Output Impedances 

Vdd = 5.5V, Vss = ov 





Rqff 

Output Off (Figure 3a) 

Vdis= -10V 

55 


250 

kfl 



Vdis == -20V 

60 


300 

kn 



Vdis = -30V 

65 


400 

kn 

Ron 

Output On (Figure 3b) 

Vdis = -iov 


700 

800 

n 



Vdis = — 20V 


600 

750 

n 



Vdis = -30V 


500 

680 

a 

Vdol 

Display Output Low Voltage 

Vdd = 5.5V, louT = Open Circuit, 
-30V ^ Vdis ^ -iov 

Vdis 


Vdis + 2 

V 

Note 1: 74LSTTL Vqh = 2.7V @ IquT = “400 fiA, TTL Vqh = 2.4V ® Iqut = ~400 jiA. 
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AC Electrical Characteristics ta = -40°cto +85°c,vdd = sv ±o.5v 


Symbol 

Parameter 

fc 

Clock Input 
Frequency 

tH 

High time 

tL 

Low Time 

tos 

Data Input 
Set-Up Time 

tOH 

Hold Time 

*ES 

Enable Input 
Set-Up Time 

tEH 

Hold Time 

tCDO 

Data Output 

CLOCK Low to Data Out 
Time 


Conditions 


(Notes 3 and 4) 



Cl = 50 pF 


Note 2: For timing purposes, the signals ENABLE and BLANK can be considered to be totally independent of each other. 
Note 3: AC input waveform specification tor test purposes: tf, tf s 20 ns, f = 800 kHz, 50% ±10% duty cycle. 

Note 4: Clock input rise and fall times must not exceed 5 fxs. 


Connection Diagrams 

Dual-in-Line Package 
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Top View 
FIGURE 2 

Order Number MM58342N 
See NS Package Number N28B 


28 — OUTPUT 12 
27 — OUTPUT 13 
26 — OUTPUT 14 
25 — OUTPUT IS 
24 — OUTPUT 16 
23 — OUTPUT 17 
22 — OUTPUT 18 
21 — OUTPUT 19 
20 — OUTPUT 20 
19 — BLANKING CONTROL 
18 — ENABLE 
17 — DATA OUT 
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25 - OUTPUT 15 
24 - OUTPUT 16 
23 - OUTPUT 17 
22 - OUTPUT 18 
21 —OUTPUT 19 
20 - OUTPUT 20 
19 — BLANKING CONTROL 
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Functional Description 

This product is specifically designed to drive multiplexed or 
non-multiplexed high voltage alphanumeric or dot matrix 
vacuum fluorescent (VF) displays. Character generation is 
done externally in the microprocessor, with a serial data 
path to the display driver. The MM58342 uses three signals, 
DATA IN, CLOCK and ENABLE, where ENABLE acts as an 
external load signal. Display blanking can be achieved by 
means of the BLANKING CONTROL input, and a logic ‘1’ 
will turn off all sections of the display. A block diagram of 
the MM58342 is shown in Figure 1. 


Figure 2 shows the pinout of the MM58342 device, where 
output 1 (pin 12) is equivalent to bit 1 (i.e., the first bit of data 
to be loaded into the shift register following ENABLE high). 
A logic ‘1’ at the input will turn on the corresponding display 
digit/segment/dot output. 

A significant reduction in discrete board components can be 
achieved by use of the MM58342, because external pull- 
down resistors are not required. Due to the nature of the 
output stage, both its on and off impedance values vary as a 
function of the display voltage applied. However, Figures 3a 
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Functional Description (Continued) 

and 3b show that this output impedance will remain con- 
stant for a fixed value of display voltage. 

Figure 4 demonstrates the critical timing requirements be- 
tween CLOCK and DATA IN for the MM58342. 

When the chip first powers on, an internal reset is generat- 
ed, resetting all registers and latches. The chip returns to 
normal operation on application of ENABLE, and so all inter- 
face signals should be inactive at power on. 

In Figure 5, the ENABLE signal acts as an envelope, and 
only while this signal is at a logic ‘1 ’ does the circuit accept 
CLOCK input signals. Data is transferred and shifted in the 
internal shift register on the rising clock edge, i.e., 
transition. When the ENABLE signal goes low, the contents 


of the shift registers are latched, and the display will show 
new data. During data transfer, the display will show old 
data. DATA OUT is also provided on the MM58342 being 
output on the falling edge. At any time, the display may be 
blanked under processor control, using the BLANKING 
CONTROL input. 

Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58342 is used to provide the 
grid drive for a 40-digit 2 line 5x7 multiplexed vacuum 
fluorescent (VF) display. The anode drive in this example is 
provided by another member of the high voltage display 
driver family, namely the MM58348, which does not require 
an externally generated load signal. 


ij 400 k{] /ISO kO 


7 / 


0 1 1 1 1 1 1— ► louT ilA) 

0 100 200 300 400 SOO 600 

FIGURE 3a. Output Impedance Off 


soon MAX 

AT +85°C, Vois = -10V^ 


6000 TYPICAL 
AT +25»C, Vdis=-20V 


4000 MAX 

'at -40'C. Vdis=-30V 


FIGURE 3b. Output Impedance On 


Timing Diagrams 



For the purposes of AC measuremenL V|h = 2.4V, V|l = 0.8V. 

FIGURE 4. Clock and Data Timings 
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Timing Diagrams (Continued) 
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National 

Semiconductor 


MM58348 High Voltage Display Driver 


General Description Applications 

The MM58348 is a monolithic MOS integrated circuit utiliz- ■ COPStm or microprocessor-driven displays 

ing CMOS metal gate low threshold P and N-channel devic- ■ Instrumentation readouts 

es. It is available both in 40-pin molded dual-in-line pack- ■ industrial control indicator 

ages or as dice. The MM58348 is particularly suited for driv- g Digital clock, thermostat, counter, voltmeter 

ing high voltage (35V max) vacuum fluorescent (VF) dis- . y^^^d processor text displays 

plays (e.g„ a 5 x 7 dot matrix display). , Automotive dashboards 


Features 

■ Direct interface to high voltage display 

■ Serial data input 

■ No external resistors required 

■ Wide display power supply operation 

■ LSTTL compatible inputs 

■ Software compatible with NS display driver family 

■ Compatible with alphanumeric or dot matrix displays 

■ No load signal required 


Block Diagram 


OUTPUT OUTPUT 



TL/F/5601-1 


FIGURE 1 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Voltage at Any Input Pin 
Voltage at Any Display Pin 
Vdd + IVdisI 
Storage Temperature 
Power Dissipation 
Junction Temperature 
Lead Temperature 
(Soldering, 10 seconds) 


Vdd + o.avtoVss - 0.3V 
Vdd to Vdd -36.5V 
36.5V 

-65°Cto + 150‘“C 
500 mW at +85°C 
lOO^C 

260“C 


DC Electrical Characteristics 


Operating Conditions 


Supply Voltage (Vdd) 

Min 

Max 

Units 

Vss = OV 

4.5 

5.5 

V 

Display Voltage (Vdis) 

-30 

-10 

V 

Temperature Range 

-40 

+ 85 

°c 


Ta = -40°Cto +85°C, Vdd = ±0.5V, Vss = OV unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Idd 

Power Supply Currents 

V|N = Vss Of Vdd. Vdd = 5.5V, 
Vss = OV, Vdis Disconnected 

■ 

■ 

150 

JU.A 

Idis 


Vdd = 5.5V, Vss — ov, 

Vdis = -30V, All Outputs Low 

■ 

■ 

10 

mA 

V|L 

Input Logic Levels 
DATA IN, CLOCK 
Logic ‘0’ 


■ 

1 

0.8 

■ 

V|H 

Logic ‘1’ 


B 

■ 


B 

l|N 

Input Currents DATA IN, CLOCK 

V|N = OV or Vdd 

-10 


10 

fiA 

C|N 

Input Capacitance DATA IN, CLOCK 




15 

pF 

Rqff 

Display Output Impedances 

Vdd - 5.5V, Vss = ov 


■ 

mtm 



Output Off (Figure 3a) 

Vdis = -iov 

55 



kft 



Vdis = -20V 

60 



kfl 



Vdis = -30 V 

65 

■ 

400 

kn 

Ron 

Output On (Figure 3b) 

Vdis = -10V 


mm 

800 

n 



Vdis = — 20V 



750 

n 



Vdis = -30V 



680 

n 

Vdol 

Display Output Low Voltage 

Vdd = 5.5V, louT = Open Circuit, 
-30V ^ Vdis ^ -10V 

Vdis 

■ 

Vdis + 2 

V 


Note 1: 74LSTTL Vqh = 2-7V @ Iqut = -400 fiA, TTL Vqh = 2.4V @ Iqut = -400 juA. 


AC Electrical Characteristic ta = -4o°cto +85°c, vdd = sv ±o.sv 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


Clock Input Frequency 

{Notes 2 and 3) 



1.0 

MHz 

tH 

Clock Input High Time 


300 



ns 

tL 

Clock Input Low Time 


300 



ns 

Ids 

Data Input Set-Up Time 


100 



ns 

Idh 

Data Input Hold Time 


100 



ns 


Note 2: AC input waveform specification for test purpose; 1, i 20 ns, tf S 20 ns, f = 1 MHz, 50% ±10% duty cycle. 
Note 3: Clock input rise and fall times must not exceed 5 p.s. 
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Connection Diagrams 

Dual-ln-Line Package 
^ 

Vss (OV) 1 40 OUTPUT 18 

OUTPUT 17 2 39 OUTPUT 19 

OUTPUT 16 3 38 OUTPUT 20 

OUTPUT 15 4 37 OUTPUT 21 

OUTPUT 14 5 36 OUTPUT 22 

OUTPUT 13 6 35 OUTPUT 23 

OUTPUT 12 7 34 OUTPUT 24 

OUTPUT 11 8 33 OUTPUT 25 

OUTPUT 10 9 32 OUTPUT 26 

OUTPUT 9 10 HM58348 31 OUTPUT 27 

OUTPUT 8 11 30 OUTPUT 28 

OUTPUT 7 12 29 OUTPUT 29 

OUTPUT 6 13 28 OUTPUT 30 

OUTPUT 5 14 27 OUTPUT 31 

OUTPUT 4 15 26 OUTPUT 32 

OUTPUTS 16 25 OUTPUT 33 

OUTPUTS 17 24 OUTPUT 34 

OUTPUT 1 18 23 OUTPUT 35 

VdiS 19 22 OATAIN 

Vdd(5V) 20 21 CLOCK 

TL/F/5601-2 

Top View 
FIGURE 2 

Order Number MM58348N 
See NS Package Number N40A 

Functional Description 

This product is specifically designed to drive multiplexed or 
non-multiplexed high voltage alphanumeric or dot matrix 
vacuum fluorescent (VF) displays. Character generation is 
done externally in the microprocessor, with a serial data 
path to the display driver. The MM58348 uses two signals, 
DATA IN and CLOCK, with a format of a leading “1” fol- 
lowed by the 35 data bits, hence allowing data transfer with- 
out an additional signal. A block diagram of the MM58348 is 
shown in Figure 1. 

Figure 2 shows the pinout of the MM58348 device, where 
output 1 (pin 18) is equivalent to bit 1, (i.e., the first bit of 


Plastic Chip Carrier 


S S 5 6 S 


oooo>z ooooo 


6 5 4 3 2 1 44 43 42 41 40 


OUTPUT 13- 

7 

OUTPUT 12- 

8 

OUTPUT 1 1 - 

9 

OUTPUT 10- 

10 

OUTPUT 9 - 

11 

N/C- 

12 

OUTPUT 8 - 

13 

OUTPUT 7 - 

14 

OUTPUT 6 - 

15 

OUTPUT 5- 

16 

OUTPUT 4 - 

17 


39 - OUTPUT 23 
38 - OUTPUT 24 
37 - OUTPUT 25 
36 - OUTPUT 26 
35 - OUTPUT 27 
34 -N/C 
33 — OUTPUT 28 
32 - OUTPUT 29 
31 - OUTPUT 30 
30 - OUTPUT 31 
29 - OUTPUT 32 


18 19 20 21 22 23 24 25 26 27 28 


555 

° ° ° S 3 3 

o o o 

Top View 

Order Number MM58348V 
See NS Package Number V44A 


data to be loaded into the shift register following the start 
bit). A logic “1” at the input will turn on the corresponding 
display digit/segment/dot output. 

A significant reduction in discrete board components can be 
achieved by use of the MM58348, because external pull- 
down resistors are not required. Due to the nature of the 
output stage, both its on and off impedance values vary as a 
function of the display voltage applied. However, Figure 3a 
and 3b show that this output impedance will remain con- 
stant for a fixed value of display voltage. 


14.5 Y! 




100 200 300 400 500 500 

FIGURE 3a. Output Impedance Off 


800Q MAX 

AT +85°C.Vois = -10V 600Q TYPICAL 

- AT +25'C, Vdis = -20V 


> 400(1 MAX 

AT -40°C, Vois = -30V 


1.5 1 1.5 2 

FIGURE 3b. Output Impedance On 
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Functional Description (Continued) 

Figure 4 demonstrates the critical timing requirements be- 
tween CLOCK and DATA IN for the MM58348. 

When the chip first powers on, an internal reset is generat- 
ed, resetting all registers and latches. The chip returns to 
normal operation on application of the start bit and the first 
clock pulse, and so all interface signals should be inactive 
at power on. 

In Figure 5, a start bit of logic “1” precedes the 35 bits of 
data, each bit being accepted on the rising edge of CLOCK, 
i.e., a transition. At the 36th clock, a LOAD signal 

is generated synchronously with the high state of the clock, 
thus loading the 35 bits of the shift register into the latches. 
At the low state of the clock, a RESET signal is generated, 
clearing all bits of the shift register for the next set of data. 
Hence, a complete set of 36 clock pulses is needed 

Timing Diagrams 


for the MM58348, or the shift register will not clear. If, at any 
given time, it is required that the display be cleared under 
microprocessor control, i.e., without power on reset, then 
the following flushing routine may be used. Clock in 36 “ze- 
roes”, followed by a “one” (start bit), followed by 35 “ze- 
roes”. This procedure will completely blank the display. 
Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58348 is used to provide the 
anode drive for a 32-digit 5 x 7 dot matrix vacuum fluores- 
cent (VF) display. The grid drive in this example is provided 
by another member of the high voltage display driver family, 
namely the MM58341, which has the additional features of 
a BLANKING CONTROL pin, a DATA OUT pin, and an EN- 
ABLE (external load signal) pin. 



For the purpose of AC measurement, Vjh = 2.4V. V||_ = 0.8V 

FIGURE 4. Clock and Data Timings 


TL/F/5601-5 


CLOCK 


START START 

CLK35 CLK CLK1 CLK 2 CLK3 CLK33 CLK34 CLK35 CLK 



LOAD 

(INTERNAL) 



RESET 

(INTERNAL) 
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Typical Application 



TL/F/5601-7 

FIGURE 6. Microprocessor-Controlled Word Processor 
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Designing an LCD Dot 
Matrix Display Interface 


National Semiconductor 
Application Note 350 
Bob Lutz 



The MM58201 is a CMOS LCD driver capabie of driving a frequency of the driving signals to the LCD. The MM58201 

multiplexed display of up to 1 92 segments (24 segment col- can also be programmed to accept the oscillator output and 

umns by 8 backplanes). The number of backplanes being backplane signals of another MM58201 for cascading pur- 

driven is programmable from one to eight. Data to be dis- poses. The displayed data may also be read serially from 

played is sent to the chip serially and stored in an internal the on-chip RAM. A simplified functional block diagram of 

RAM. An external resistor and capacitor control the the MM58201 is shown in Figure 1. 


BACKPLANES 



TL/B/5606-1 

FIGURE 1. MM58201 Functional Diagram 
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BACKGROUND 

LCD displays have become very popular because of their 
ultra-low power consumption and high contrast ratio under 
high ambient light levels. Typically an LCD has a backplane 
that overlaps the entire display area and multiple segment 
lines that each overiap just one segment or descriptor. This 
means that a separate external connection is needed for 
every segment or descriptor as shown in Figure 2. For a 
display with many segments such as a dot matrix display, 
the number of external connections couid easiiy grow to be 
very large. 

Unlike other display technologies that respond to peak or 
average voltage and current, LCDs are sensitive to the rms 
voltage between the backplane and given segment location. 
Also, any DC bias across this junction would cause an irre- 
versible electrochemical action that would shorten the life of 
the display. A typical LCD driving signal is shown in Figures. 
The backplane signal is simply a symmetrical square wave. 
The individual segment outputs are also square waves, ei- 
ther in phase with the backpiane for an “off” segment or out 
of phase for an “on” segment. This causes a Vrms of zero 
for an “off” segment and a Vrms of 4-V for an “on” 
segment. 


AwMmi 


FIGURE 2. Typical LCD Pin Connections 


One way to reduce the number of external connections is to 
multiplex the display. An example of this could be an LCD 
with its segments arranged as intersections of an X-Y grid. A 
driver to control a matrix like this wouid be fairly straightfor- 
ward for an LED display. However, it is more compiex for an 
LCD because of the DC bias restriction. 

A multiplexed LCD driver must generate a complex set of 
output signals to insure that an “on” segment sees an rms 
voltage greater than the display’s turn-on voltage and that 
an “off” segment sees an rms voltage less than the dis- 
play’s turn-off voltage. The driver must also insure that there 
is no DC bias. 

One pattern that can accomplish this is shown as an exam- 
ple in Figure 4. This is the pattern that the MM58201 uses. 
The actual Vrms of an “on” segment and an “off” segment 
is shown in Figure 5. If there are eight backplanes, the Vrms 
(ON) = 0.2935 X Vjc and the Vrms (OFF) = 0.2029 X 
Vxc- It can be seen in Figure 6 that as the number of back- 
planes increases, the difference between Vrms (ON) and 
Vrms (OFF) becomes less. Refer to the specifications of the 
LCD to determine exactly what Vrms is required. 


"OFF” SEGMENT 
DRIVE (IN PHASE) ^ | 


"ON" SEGMENT 

DRIVE (180“ OUT OF PHASE) q 


□i_n_rL 


FIGURE 3. Drive Signals from a 
Direct Connect LCD Driver 


BP2 0.5 Vjc 


BP3 0.5 Vtc 



SI S2 

s 


I = ON (DARK) 


, Example of Backplane and Segment Patterns 
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AV OF "ON" SEGMENT 


/ 1 f to + T \ 

Vrms (ON) = ^ - I ^ v2(t)dt j i /2 

" (Mjo Ji^ (-0.18 VTc)2dt] ) 1/2 

= ^^Vtc 2[0.4624 + 0.0324(N - 1)1 j 1/2 
-Vl^[ 0.4624 + 0^324(N-1) ],„ 

N - number of backplanes 

a. Analysis of Vrms (ON) 



SEGMENT COLUMN 


AV OF "OFF" SEGMENT 


no + T \ 

Vrms (OFF) = j J v2(t)dt j i/2 

= [£ (0.32VTc)2dt + J1' (-0.18 VTc)2dt] ) 1/2 

= ^^Vtc 2[0.1024 + 0.0324(N - 1)) jl/2 

rO-1024 + 0.0324(N- 1)1,„ 

-Vtc[ fj 

N = number of backplanes 

b. Analysis of Vrms (OFF) 


v„=l/» 10.1024 + 0.0324(N-1)i /0.4S24 + 0.0324(N-t)| 

1 N In) 


MUST BE GREATER THAN ' 

Example: If N = 8 

and Vrms (OFF) = 1.8V 
and Vrms (ON) = 2.2V 
then Vtc = 7.5V 
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FUNCTIONAL DESCRIPTION 
Connecting an MM58201 to an LCD 

The backplane and segment outputs of the MM58201 con- 
nect directly to the backplane and segment lines of the 
LCD. These outputs are designed to drive a display \with a 
total “on” capacitance of up to 2000 pF. This is especially 
important for the backplane outputs, as it is usually the 
backplanes that have the most capacitance. As the capaci- 
tance of the output lines increases, the DC offset between a 
backplane and segment signal may increase. Most LCD dis- 
plays specify that a maximum offset of 50 mV is acceptable. 
For backplane capacitance under 2000 pF the MM58201 
guarantees an offset of less than 1 0 mV. 

If the LCD display to be used has 24 segments per back- 
plane or less, then each MM58201 should be configured as 
a "master” so that each one will generate its own set of 
backplane signals. However, if the LCD display has more 
than 24 segments per backplane, more than one MM58201 
will be needed for each backplane. To synchronize the driv- 
ing signals there must be one “master” chip and then an 
additional “slave” chip for every 24 segments after the first 
24. When a chip is configured as a “slave” it does not gen- 
erate its own backplane signals. It simply synchonizes itself 
to the backplane signals generated by a “master” chip by 
sensing the BP1 signal. An example of both an all “master” 
configuration and a “master-slave” configuration will be 
shown later. 

Voltage Control Pin and Circuitry 

The voltage presented at the Vjc pin determines the actual 
voltage that is output on the backplane and segment lines. 
These voltages are shown in Figure 7. Vjc should be set 
with respect to Vrms (ON) and Vrms (OFF) and can be cal- 
culated as shown in Figure 5. 



NUMBER OF BACKPLANES 


TL/B/5606-8 

FIGURE 6. AVrms/Vjc 



a. Backplane Output 
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0.68 Vtc 
0.32 Vtc 
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Since the input impedance of Vyc niay vary between 10 kn 
and 30 kfl, the output impedance of the voltage reference 
at Vxc should be relatively low. One example of a Vjc driver 
is shown in Figure 8. To put the MM58201 in a standby 
mode, bring Vjc to Vss (ground). This will blank out the 
display and reduce the supply current to less than 300 jaA. 


15V 



TL/B/5606-11 

FIGURE 8. Example of Vxc Driver 
RC Oscillator 

This oscillator works with an external resistor tied to Vqd 
and an external capacitor tied to Vss- The frequency of os- 
cillation is related to the external R and C by: 
fosc = 1/1.25 RC ± 30% 

The value of the external resistor should be in the range 
from 10 kn to 1 Mfl. The value of the external capacitor 
should be less than 0.005 jxF. 

The oscillator generates the timing required for multiplexing 
the LCD. The frequency of the oscillator Is 4N times the 
refresh rate of the display, where N is the number of back- 
planes programmed. Since the refresh rate should be In the 
range from 32 Hz to 100 Hz, the oscillator frequency should 
be: 

128N < fosc < 400N 

If the frequency is too slow, there will be a noticeable flicker 
in the display. If the frequency is too fast, there will be a loss 
of contrast between segments and an increase in power 
consumption. 

Serial Input and Output 

Data is sent to the MM58201 serially through the DATA IN 
pin. Each transmission must consist of 30 bits of informa- 
tion, as shown in Figure 9. The first five bits are the address, 
MSB first, of the first column of LCD segments that are to be 
changed. The next bit is a read or write flag. The following 
24 bits are the actual data to be displayed. 

The address specifies the first LCD column that is going to 
be affected. The columns are numbered as shown In Figure 
10. Data is always written in three column chunks. Twenty- 
four bits of data must always be sent, even if some of the 
backplanes are not in use. The starting column can be any 
number between one (00000) and twenty-four (10111). If 
column 23 or 24 is specified the displayed data will wrap 
around to column 1 . 

If the R/W bit is a “0” then the specified columns of the 
LCD will be overwritten with the new data. If the bit is a “1” 
then the data displayed in the specified columns will be 
available serially at the DATA OUT pin and the display will 
not be changed. 



b. Segment Output 
FIGURE 7. Output Voltages 
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DATA IN D0N7 CARE 


I A4 I A3 I A2 I *1 I *0 [ R/W I D1 I 02 I D5 [ • • • | 022 | 023 | D2A [ 


-j 01 I 02 I 03 I • • • I 022 I 023 | 024 
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FIGURE 9. Transmission of Data 



SI 

S2 

S3 

S4 

S5 

S6 

S7 

S8 

S3 

sto 

S11 

S12 

S13 

su 

SIS 

S16 

S17 

S18 

S19 

S20 

S21 

S22 

S23 

S24 
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D1 
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017 










B2 1 
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D2 

DtO 

018 










B1 1 

BP3 













D3 

Dtl 

019 










BO \ 

6P4 













D4 

D12 

020 










u/s| 

BPS 













D5 

013 

021 
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D6 

014 
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015 

023 











BPS 
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0 



1 
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0 

0 
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1 
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Diagram above shows where data will appear on display if starting address 01100 is specified in data format. 

FIGURE 10. Address of Particular Segment Columns 
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The data is formatted as shown in Figure 10. The first bit in 
the data stream corresponds to backpiane 1 in the first 
specified coiumn. The second bit corresponds to backpiane 
2 in the first specified coiumn and so on. 

During initialization each MM58201 must be programmed to 
select how many backplanes are to be used, and whether 
the chip is to be a “master” or a “slave”. The format of this 
transmission is just like a regular data transmission_except 
for the following: the address must be 11000; the R/W must 
be a write (0); the first three data bits must be selected from 
the list in Table I. The next bit should be a “1” for the chip to 
be a master or a “0” for the chip to be a slave. The following 
20 bits are necessary to complete the transmission but they 
will be ignored. The mode cannot be read back from the 
chip. 

TABLE I. Backplane Select 


Number of 
Backplanes 

B2 

B1 

BO 

2 

0 

0 

1 

3 

0 

1 

0 

4 

0 

1 

1 

5 

1 

0 

0 

6 

1 

0 

1 

7 

1 

1 

0 

8 

1 

1 

1 


The timing of the CLK, CS, DATA IN, and DATA OUT are 
illustrated in Figure 1 1. The frequency of the clock can be 
between DC and 1 00 kHz with the shortest half-period being 


5.0 jLts. A transmission is initiated by CS going low. CS can 
then be raised anytime after the rising edge of the first clock 
pulse and before the rising edge of the last clock pulse (the 
clock edge that reads in D24). 30 bits of information must 
always be sent. 

The data at DATA IN is latched on each rising edge of the 
clock pulse. The data at DATA OUT is valid after each fall- 
ing edge of the last 24 clock pulses. 

It is important to note that during a read or write transmis- 
sion the LCD will display random bits. Thus the transmis- 
sions should be kept as short as possible to avoid disrupting 
the pattern viewed on the display. A recommended frequen- 
cy is: 

fosc = 30/(Ilcd “ 7 ts) 
ticD = turn on/off time of LCD 
ts = time between each successive transmission. 

This should produce a flicker-free display. 

The DATA OUT pin is an open drain N-channel device to 
Vss- This output must be tied to Vdd through a resistor if it 
is to be used. It could also be tied to a lower voltage if this 
output is to be interfaced to logic running at a lower voltage. 
The value of the resistor is calculated by: 

R = (-I-V - 0.4)/0.0006 
+ M = voltage of lower voltage logic 

Power Supply 

Vqd can range between 7V and 18V. A voltage should be 
used that is greater than or equal to the voltage that you 
calculate for Vjc as shown in Figure 5. 
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TYPICAL APPLICATIONS 

One application of the MM58201 is a general purpose dis- 
play to show graphic symbols and text. This type of display 
could be used In an electronic toy or a small portable com- 
puter or calculator. One such display is shown in Figure 12. 
This display consists of four separate LCD displays that are 
built Into one housing. Each separate LCD display has 8 
backplanes and 24 segment lines. The entire display will 
require four MM58201s to control it. 

The circuit diagram of this application is shown in Figure 14. 
Each separate LCD display is driven by one MM58201. The 
backplanes are driven by the separate MM58201S and are 
not paralleled together. There are three common lines: CLK, 
DATA IN. and DATA OUT. The CLK and DATA IN are gen- 
erated from an output port such as an INS8255. Four other 
bits of the output port generate a linear select with a differ- 
ent bit going to each MM58201 chip select as shown in 
Figure 13. DATA OUT is sent to one bit of an input port. 


The Vxc driver is as described beforehand. The MM74C906 
is an open drain CMOS buffer that has near regular TTL 
compatible Inputs. This is to provide level translation from 
the 5V supply of the computer system to the 12V supply of 
the MM58201. 

If I/O ports are not available, the circuit in Figure 15 could 
be used as an Interface between the MM58201s and a mi- 
croprocessor bus. 

To reduce the number of connections between the circuit 
and the LCD, all of the backplanes could have been driven 
by one MM58201 as shown in Figure 16. The other 
MM58201S would be configured as “slaves” synchronized 
to the one “master” MM58201 . This would save 24 connec- 
tions to the LCD but would increase the capacitance of the 
backplanes. In this application the capacitance is not a 
problern with either setup. 




TL/B/5606-14 

FIGURE 11. Timing of One Transmission 
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FIGURE 12. Four Separate LCD Displays 
Positioned to Look Like One Display 
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FIGURE 13. 

, Chip Select Scheme 
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FIGURE 14. Diagram of Application 
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OUTPUT 

PORT 


TL/B/5606-17 



b. Input Port 


FIGURE 15. Input and Output Ports for Interface 
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MMS820t 
#1 


I mil 
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104 CONNECTIONS ROU LCD 


FIGURE 16. Diagram of a Master-Slave Set-Up Not Used for This Application 


SOFTWARE 

The real heart of this system is the software which consists 
of four parts. Part one is the initialization portion. This sets 
up the MM58201S as “masters” and programs them for 8 
backplanes. It then sets up the needed pointers for the oth- 
er subroutines which consist of: 

1) GRAPH: displays pattern on LCD. 

2) TEXT: prints ASCII characters on display. 

3) SCROLL: scrolls whatever pattern is displayed to the 

right until LCD is cleared. 

This application used an NSC 800 ™ with 8080 mnemonics. 
It could easily be adapted for other microprocessors. 


MAIN 

This program initializes the MM58201s. It controls the se- 
quence of display output by calling other programs. 

It first sends out a “dummy” transmission to make sure that 
the chips are ready to respond to a valid transmission. It 
then programs the chips to be “masters” and to use eight 
backplanes. 

After initialization, this program sets up the correct pointers 
to display a graphic symbol. First it displays the upper eight 
bits of it, then it displays the lower eight bits. 

The words “TESTING MM58201” are then displayed. A call 
to scroll then causes this to scroll to the right until the 
screen is blank. Finally the words “END OF TEST” appear 
and the program ends. 

The method to create a custom graphic symbol will be dem- 
onstrated in the next section. 
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N8080 

EXIRN GRAPH, WRITE 

MODE , TEXT , CURSOR . SCROLL 

;INITIALIZE 

THE STACK POINTER 


LXI 

SP.IFFFH 


;INIIIALIZE 

THE 810 


;S£T MODE 0 

FOR PORT A 


;INIT: 

MVI 

A.OOH 



OUT 

27H 


;SET PORT A 

AS OUTPUT AND 

PORT C AS INPUT 


MVI 

A.OFFH 



OUT 

24H 

;PORT A DDR 


MVI 

A.OOH 



OUT 

26H 

;PORT B DDR 

;INITIALIZE 

THE FOUR 58201' S 


MVI 

A.O 

;SET FOR WRITE MODE 


STA 

MODE 



LXI 

H. MASTER. 

;SEND A COMPLETE TRANSMISSION TO CLEAR OUT 


MVI 

E.llOOOB 

; ANY OLD CHIP SELECT. 


MVI 

D.OOOOlllOB 



CALL WRITE 



LXI 

H. MASTER 

;CONFIGURE CHIPS 0, 1, 2, AND 3 AS MASTERS 


MVI 

D.OOOOlllOB 



CALL WRITE 



LXI 

H. MASTER 



MVI 

D.OOOOIIOIB 



CALL WRITE 



LXI 

H, MASTER 



MVI 

D.OOOOIOIIB 



CALL WRITE 



LXI 

H. MASTER 



MVI 

D.OOOOOlllB 



CALL WRITE 


;SET UP 

POINTER AND COUNTERS TO DISPLAY NATIONAL SEMI SYMBOL 


MVI 

B,21 

;B HOLDS # OF COLUMNS TO CHANGE 

RESTRT; 

MVI 

D.O 

;D HOLDS THE STARTING COLUMN NUMBER FOR UPPER HALF 


MVI 

E,48 

;E HOLDS STARTING COLUMN NUMBER FOR LOWER HALF 

DSLOOP : 

MOV 

C.D 



LXI 

H. NAT SMI 

;DISPLAY UPPER HALF OF GRAPHIC 


CALL GRAPH 



LXI 

H.NATSM2 

;DISPLAY LOWER HALF OF GRAPHIC 


MOV 

C.E 



CALL GRAPH 



LXI 

H.OFFFFH 

;PAUSE 

PAUSE; 

DCX 

H 



MOV 

A.H 



ORA 

L 



JNZ 

PAUSE 



INR 

D 

;INCREMENT STARTING COLUMN NUMBERS 


INR 

D 



INR 

D 



INR 

E 



INR 

E 



INR 

E 



MVI 

A, 30 

;DISPLAY IT UNTIL COLUMN COUNT IS 30 


CMP 

D 



JNZ 

DSLOOP 



LXI 

H.TEXTl 

;PRINT FIRST TEXT 


MVI 

A.O 

;ZERO THE CURSOR 


STA 

CURSOR 



CALL TEXT 



CALL SCROLL 

; SCROLL THE TEXT 


LXI 

H.TEXT2 

;PRINT SECOND TEXT 


MVI 

A.O 

;ZERO THE CURSOR 


STA 

CURSOR 



CALL TEXT 



LXI 

H.OFFFFH 

;PAUSE 

PAUSEl ; 

DCX 

H 



MVI 

A, 2 


PAUSE2 ; 

DCR 

A 



JNZ 

PAUSE2 



MOV 

A.H 



ORA 

L 



JNZ 

PAUSEl 
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LXI H, TEXTS ;PRINT THIRD TEXT 

MVI A,0 
STA CURSOR 
CALL TEXT 

RST 6 ;END 

TEXTl; DB "TESTING MM58201 ", 0 

TEXT2: DB "THIS IS THE END ", 0 
TEXTS: DB " OF THE TEST ", 0 

MASTER: DB llllB ;ADDRESS FOR MASTER 

SLAVE: DB OlllB ;ADDRESS FOR SLAVE 

NATSMl: DB OFFH, OFFH, OFFH, 7FH, SFH, 9FH, OCFH, 67H, SSH, OlH, 7FH 
DB SFH, 9FH, OCFH, 67H, SSH 
DB 99H, OFFH, OFFH, OOH, OOH 

NATSM2: DB OFFH, OFFH, OFFH, 0E6H, 0F3H, OF9H, OFCH, OFEH, OFFH 
DB OEOH, 0E6H, OFSH, OF9H, OFCH 
DB OFEH, OFFH, OFFH, OFFH, OFFH, OOH, OOH 
END 

GRAPH 

This subroutine is the center of the software. It is the inter- select going low. The rest of the column address is then 

face between the calling programs and the hardware. All output with all the chip selects high. If the operation is a 

I/O is generated by this subroutine. write, the data is sent to the display bit by bit. If the opera- 

There are two entrances to this subroutine; graph and read. tion is a read, the data is read in bit by bit. 

Graph is the entrance used to display new data. Read is the To create a custom graphic symbol, draw it on a grid as 

entrance used to read data from the display. shown in Figure 17. Group the upper eight squares as a byte 

The HL register should point to the beginning of the data to least significant bit at the top, counting a dark 

be displayed. The B register should hold the number of col- square as a one. Group the lower eight squares as a byte 

umns to change. This must be a multiple of three. The C most significant bit at the bottom. Use this generat- 

register should hold the column number to start with. This input lists to the graph subroutine. A good exam- 

must also be a multiple of three. These restrictions are to shown in the listing of main when it calls graph, 

simplify the software. Pad the data at the end with zeros as shown to keep the 

The first operation is the calculation of the correct chip to number of data values a multiple of three. Remember, this is 
enable and the column number to start within that chip. The ® software restriction. A different routine could be used 

first bit of the column address is output with the correct chip would allow any number of columns to be displayed. 


7F 3F 9F CF 67 33 01 7F 3F 9F CF 67 33 99 FF FF 00 00 


UPPER 


Data Upper: 7F, 3F, 9F, CF, 67, 33. 

01,7F, 3F, 9F, CF, 67, 
33,99, FF, FF, 00, 00 
Data Lower: E6, F3, F9, FC, FE, FF, 

EO, E6, F3, F9, FC, FE, 

FF, FF, FF, FF, 00, 00 


LOWER 


E6 F3 F9 FC FE FF EO E6 F3 F9 FC FE FF FF FF FF 00 00 

TL/B/5606-20 

FIGURE 17. Example Graphic Symbol 
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N8080 

PUBLIC GRAPH, READ, WRITE, MODE 
;GRAPHIC DISPLAY DRIVER 

; INPUT: HL - POINTS TO START OF DATA 

; B- # OF 8 BIT COLUMNS TO CHANGE (MUST BE MULT. OF 3) 

; C- COLUMN # TO START WITH (MUST BE MULT. OF 3) 

; OUTPUT: NO REGISTERS DISTURBED 

; DATA POINTED TO IS DISPLAYED ON LCD DISPLAY. 

; COLUMNS NOT SPECIFIED ARE NOT AFFECTED. 

READ: 

;SAVE ALL STATES 
PUSH PSW 
PUSH B 
PUSH D 
PUSH H 

;FLAG FOR A READ OPERATION 
MVI A,10000000B 
STA MODE 
JMP GRAPH 1 

GRAPH: 

;SAVE ALL STATES 
PUSH PSW 
PUSH B 
PUSH D 
PUSH H 

;FLAG FOR A WRITE OPERATION 
MVI A,0 
STA MODE 

;CALCULATE WHICH 5f 
GRAPHl: MVI D,OEEH 
ACC: MOV A,C 

SUI 24 
JC GO 
MOV C,A 
MOV A,D 
RLC 

MOV D,A 
JMP ACC 
;MAIN LOOP 
GO: MOV E,C 

M.LOOP: CALL WRITE 
DCR B 
DCR B 
DCR B 
JZ END.G 
MOV A,E 
ADI 3 
CPI llOOOB 
JNZ SKIPl 
MOV A,D 
RLC 

MOV D,A 
MVI A,0 
SKIPl: MOV E,A 

JMP M.LOOP 

END.G: POP H 

POP D 
POP B 
POP PSW 
RET 

WRITE: 

; DISPLAY 3 COLUMNS OF DATA 

! INPUT: HL- POINTS TO START OF DATA 

; E - ADDRESS 

; D - OUTPUT CS 

; OUTPUT: HL <- HL + 3 

;SAVE ALL STATES 
PUSH PSW 
PUSH B 
PUSH D 

START: MVI A,00001111B ;ISOLATE CS IN REG D 

ANA D 
MOV D,A 

MOV A,E ;GET ADDRESS BITS AT HIGH END OF BYTE 

RLC 

RLC 

MOV E,A 


TO ACCESS 

fSTART WITH CSl 

.•SUBTRACT 24 FROM COLUMN COUNT 

;IF CARRY IS SET THE CORRECT CHIP IS SELECTED 

;REG C GETS NEW COLUMN NUMBER 

INCREMENT THE CS TO NEXT CHIP 


;GET COLUMN NUMBER 

;DRAW 3 COLUMNS 

; SUBTRACT 3 FROM COLUMN COUNT 


;IF DONE, JUMP. 

;ADD 3 TO ADDRESS 

;IF ADDRESS NOT MAX THEN SKIP THIS 


; SELECT NEXT 58201 CS 


;SAVE NEXT ADDRESS 
;LOOP UNTIL DONE 

;RESTORE ALL STATES 
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:OUIPUT FIVE ADDRESS BITS WITH CHIP SELECT 
MVI C.5 
W.LOOP: MOV A,E 

RLC ;ROTATE ADDRESS 

MOV E,A 

MVI A.IOOOOOOOB 

ANA E ;GET MSB 

ORA D ;MERGE WITH CHIP SELECT 

CALL DISPLY 

DCR C ;DEC ADDRESS BIT COUNTER 

JNZ W.LOOP ;LOOP UNTIL ADDRESS IS OUT 

;SIGNAL FOR A READ OR WRITE 
LDA MODE 
ORI OOOOllllB 
CALL DISPLY 

JP DISO ;JUMP IF THIS IS A WRITE 

;READ THE DATA 
MVI B,3 
READl: MVI C.B 

MVI D.O 

READ2; IN 22H 

ANI OOOOOOOIB 
ORA D 
RRC 

MOV D.A 

MVI A, OOOOllllB 
CALL DISPLY 
DCR C 
JNZ READ2 
MOV M.D 
INX H 
DCR B 
JNZ READl 

;RESTORE STATES 
POP D 
POP B 
POP PSW 
RET 

;DI SPLAY THE DATA 
DISO: MVI B,3 

DISl: MVI C,8 

MOV D,M 
DIS2; MOV A,D 
RRC 

MOV D,A 
ANI lOOOOOOOB 
ORI OOOOllllB 
CALL DISPLY 
DRC C 
JNZ DIS2 
INX H 
DCR B 
JNZ DISl 

;RESTORE STATES 
POP D 
POP B 
POP PSW 
RET 

DISPLY: 

;DI SPLAY ROUTINE 
; INPUT: A - DATA AND CHIP SELECT 

; BIT 7 - DATA 

; BITS 0-3 - CHIP SELECT 

; OUTPUT: NO REGISTERS DISTURBED 

; OUTPUT ONE BIT TO 58201 

PUSH PSW ;SAVE STATES 

ANI lOOOllllB ;MASK OFF UNWANTED BITS 

OUT 20H ;SET UP DATA AND CHIP SELECT 

ORI OlOOOOOOB ;CLOCK HIGH 

OUT 20H 

ANI lOllllllB ;CLOCK LOW 

POP PSW ;RESTORE STATES 

RET 

MODE : DS 1 

END 


;3 BYTES OF DATA 
;8 BITS PER BYTE 

jROTATE DATA 


;GET NEXT BIT 
;SET CS 

; OUTPUT A BIT OF DATA 
jLOOP UNTIL DONE WITH BYTE 


••LOOP UNTIL DONE WITH 3 BYTES 


;3 BYTES OF DATA 
;8 BITS PER BYTE 
; CLEAR DATA BYTE 
;GET A BIT OF DATA 
;MASK OFF UNWANTED BITS 
;MERGE WITH DATA BYTE 
;ROTATE DATA 

;SET UP 58201 TO READ NEXT BIT 
;LOOP UNTIL DONE WITH BYTE 


INCREMENT BYTE POINTER 
;LOOP UNTIL DONE WITH ALL BYTES 
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TEXT 

This subroutine will take the ASCII text pointed to by HL and the table starts with a space character. This result is then 
display it on the LCD starting at the column pointed to by multiplied by six because the data to be displayed is six 
the memory location CURSOR. The data should end with a bytes long. We now have the offset into the table. The char- 

zero. CURSOR should be in the range of 0-15 as this is the acter is displayed on the LCD. This operation is repeated 

extent of this LCD display. The first operation is the calcula- until all the characters have been displayed, 
tion of the offset into the ASCII table of the first character. custom font can be generated using the same technique 

Thirty-two is subtracted from the ASCII number because 33 ^f^ 3 t used to create a custom graphic symbol. 

N8080 

EXIRN GRAPH 

PUBLIC TEXT, LET TR, CURSOR 

TEXT; 

;DISPLAY A CHARACTER STRING ON LCD DISPLAY 
; INPUT: HL-POINTS TO BEGINNING OF STRING 

; CURSOR- CURRENT CURSOR POSITION 

; OUTPUT; CURSOR <= CURSOR + LENGTH OF STRING 

; NO REGISTERS DISTURBED 

PUSH PSW ;SAVE STATES 

PUSH H 

T.LOOP; MOV A.M ; CHECK FOR END OF STRING 

CPI 0 
JZ T.FIN 

CALL LETTR ;PRINT LETTER 

INX H 

JMP T.LOOP ;L00P UNTIL DONE 

T.FIN: POP H ;REST0RE STATES 

POP PSW 
RET 


LETTR : 

;DISPLAY AN ASCII CHARACTER ON LCD DISPLAY 
! INPUT; A-CHARACTER TO DISPLAY 

; CURSOR- CURRENT CURSOR LOCATION (0 - 95) 

; OUTPUT: CURSOR <= CURSOR + 1 

! NO REGISTERS DISTURBED 

;SAVE STATES 

PUSH PSW 
PUSH B 
PUSH D 
PUSH H 

;SET UP HL TO POINT TO CORRECT DATA 

LXI H, ASCII ;HL POINTS TO BASE ADDRESS 

MVI B,0 ;BC GETS ASCII OFFSET MINUS A CONSTANT 

SUI 20H 

MOV C,A 

CALL MULT ;MULTIPLY OFFSET BY 6 (DOUBLE PRECISION) 

DAD B ;HL POINTS TO CORRECT CHARACTER DATA 

LDA CURSOR ;MULTIPLY CURSOR BY 6 TO GET COLUMN NUMBER 

MOV B.A 

ADD B 

ADD B 

ADD B 

ADD B 

ADD B 

MOV C,A 

MVI B.6 ;EACH CHARACTER IS SIX COLUMNS WIDE 

CALL GRAPH ;DI SPLAY THE CHARACTER 

LDA CURSOR INCREMENT CURSOR 

INR A 

CPI 16 ;CHECK FOR END OF LCD DISPLAY 

JNZ T.END 

MVI A,0 ;IF SO, RESET TO ZERO 

T.END: STA CURSOR 

;RESTORE STATES 
POP H 
POP D 
POP B 
POP PSW 
RET 
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UULI: 


;MUIiTIPLY BC REG BY SIX 


; INPUT: BC - MULTIPLICAND 

; OUTPUT: BC <= BC * 8 


; NO REGISTERS DISTURBED 

PUSH PSVf 


PUSH H 


MOV H,B 


MOV L.C 


DAD B 


DAD B 


DAD B 


DAD B 


DAD B 


MOV B,H 


MOV C.L 


POP H 


POP PSW 


RET 


CURSOR: DS 1 


ASCII: DB 0,0, 0,0, 0,0 

SPACE 

DB 0,95,95,0,0,0 

1 

DB 0,7, 0,7, 0,0 

■ 

DB 20,127,20,127,20,0 

# 

DB 36,42,127,42,18,0 

$ 

DB 35,19,8,100,98,0 

% 

DB 54,73,102,32,80,0 

It 

DB 0,0, 7, 0,0,0 

• 

DB 0,28,34,65,0,0 

( 

DB 0,65,34,28,0,0 

) 

DB 34,20,127,20,34,0 

• 

DB 8,8,62,8,8,0 

+ 

DB 0,64,48,0,0,0 

* 

DB 8, 8, 8, 8, 8,0 

- 

DB 0,96,96,0,0,0 

, 

DB 32,16,8,4,2,0 

/ 

DB 62,81,73,69,62,0 

0 

DB 0,66,127,64,0,0 

1 

DB 122,73,73,73,70,0 

2 

DB 34,65,73,73,54,0 

3 

DB 15,8,8,126,8,0 

4 

DB 39,69,69,69,57,0 

5 

DB 62,73,73,73,49,0 

6 

DB 1,97,17,9,7,0 

7 

DB 54,73,73,73,54,0 

8 

DB 6,9,9,9,126,0 

9 

DB 0,54,54,0,0,0 

; 

DB 96,54,54,0,0,0 

; 

DB 8,20,34,65,0,0 

< 

DB 20,20,20,20,20,0 

= 

DB 0,65,34,20,8,0 

> 

DB 2,1,88,5,2,0 

? 

DB 62,65,93,89,78,0 

@ 

DB 124,18,17,18,124,0 

A 

DB 127,73,73,73,54,0 

B 

DB 62,65,65,65,34,0 

C 

DB 127,65,65,65,62,0 

D 

DB 127,73,73,65,65,0 

E 

DB 127,9,9,1,1,0 

F 

DB 62,65,65,81,114,0 

G 

DB 127,8,8,8,127,0 

H 

DB 0,65,127,65,0,0 

I 

DB 32,64,64,64,63,0 

J 

DB 127,8,20,34,65,0 

K 

DB 127,64,64,64,64,0 

L 

DB 127,2,12,2,127,0 

M 

DB 127,4,8,16,127,0 

N 

DB 62,65,65,65,62,0 

0 

DB 127,9,9,9,6,0 

P 

DB 62,65,81,33,94,0 

Q 

DB 127,9,25,41,70,0 

R 

DB 34,69,73,81,34,0 

S 

DB 1,1,127,1,1,0 

T 

DB 63,64,64,64,63,0 

U 

DB 31,32,64,32,31,0 

V 

DB 127,32,24,32,127,0 

W 

DB 99,20,8,20,99,0 

X 

DB 3,4,120,4,3,0 

Y 

DB 97,81,73,69,67,0 

Z 

END 
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SCROLL 

This subroutine will scroll whatever is displayed on the LCD entire LCD has been shifted by one column. Then the entire 

to the right until the screen is clear. It first reads in three operation is repeated until all the displayed data is shifted 

columns of data. It then writes three columns of data with off the screen. 

the HL pointer shifted by one byte. This will shift the dis- j[^j3 subroutine could easily be adapted to scroll the display 

played data by one column. This is repeated until the to the left if desired. 


N8080 

PUBLIC SCROLL 
EXTRN READ, GRAPH 

SCROLL: 

;SCR0LLS DISPLAY TO THE RIGHT UNTIL CLEAR 

; INPUT : NONE 

; OUTPUT; NO REGISTERS ARE CHANGED 

; SCREEN IS SCROLLED UNTIL CLEAR 

;SAVE ALL STATES 
PUSH PSW 
PUSH B 
PUSH D 
PUSH H 

;SET UP ALL THE POINTERS 
MVI D,96 

REPEAT; MVI A.O 

STA BUFFER 
MVI B.3 
MVI C.O 

;READ THE DATA 

L.READ; LXI H,BUFFER+1 ;SET HL TO POINT TO BUFFER+1 

CALL READ 

LXI H, BUFFER ;SET HL TO SHIFT THE DATA 

CALL GRAPH ;REDRAW THE SHIFTED DATA 

;M0VE LAST COLUMN OF LAST READ INTO FIRST COLUMN OF NEXT WRITE 
LDA BUFFER+3 
STA BUFFER 

iUPDATE COUNTERS 
MOV A,C 
ADI 3 
MOV C,A 
CPI 96 
JNZ L.READ 
DCR D 
JNZ REPEAT 

;REST0RE STATES 
POP H 
POP D 
POP B 
POP PSW 
RET 

BUFFER; DS 4 
END 


;INCREMENT COLUMN NUMBER 

;CHECK IF DONE WITH ONE CYCLE 

.•DECREMENT LOOP COUNT 

;L00P UNTIL DONE WITH ALL CYCLES 


;L00P UNTIL SCREEN IS CLEAR (96 CYCLES) 
jCLEAR FIRST BYTE IN BUFFER 

;READ 3 COLUMNS ALWAYS 
;START WITH COLUMN ZERO 
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OTHER APPLICATIONS 

There are many different types of LCDs that can be con- 
trolled by the MM58201 . Some of these are shown in Figure 
18. 

Up to 24 seven-segment digits can be controlled by one 
MM58201 . The software to control a multiplexed seven-seg- 
ment display is not too much different from that of the previ- 
ous application. The software is simpler because only one 
MM58201 is needed instead of four. A logic diagram for a 
six-digit multiplexed seven-segment LCD display is shown in 
Figure 19 and the software to control it is in Listing 5. 


Given a string of numbers to display, this subroutine simply 
looks up the data it needs from a look-up table and stores 
this data in a buffer. After every three digits, the subroutine 
sends this data to the MM58201 to be displayed. The digit 
backplanes are wired backward in groups of three to simpli- 
fy the software. The subroutines that this subroutine uses 
are very similar to the equivalent subroutines in the LCD dot 
matrix application. Since there is only one MM58201, the 
software is simpler. There is no need to calculate which 
MM58201 chip select to enable. 
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N8080 

:INIIIALIZE THE 810 
MV A.O 
OUT 27H 
MVI A.OFFH 
OUT 24H 

LXI BC.TESI 
MVI E.6 
CALL NUMBER 
RSI 6 

TEST: DB 1,2, 3, 4, 5. 6 

;SUBROUTINE TO DISPLAY NUMERALS ON LCD DISPLAY 
; INPUT BC-POINIS TO BCD DATA STRING 

• E -LENGTH OF DATA STRING (MULTIPLE OF 3) 

; OUTPUT -NO REGISTERS DISTURBED 

; -DATA SIRING IS DISPLAYED 

NUMBER: PUSH PSW ;SAVE STATES 

PUSH B 
PUSH D 
PUSH H 

DIG3: MVI D,3 

LOOP: LDAX B 

LXI H, TABLE 
ADD L 
MOV L.A 
MVI A.OOH 
ADC H 
MOV H.A 

MOV A,M ;GET OUTPUT DATA FROM TABLE 

PUSH PSW 

LXI H.DATA ;SIORE INTO DATA BUFFER 

MOV A.L 
ADD D 
MOV L,A 
DCR L 
POP PSW 
MOV M,A 

INX B 
DCR E 
DCR D 
JNZ LOOP 

LXI H.DATA 

CALL WRITE ;DISPLAY THESE THREE DIGITS 

MOV A.E ;CHECK FOR LAST DIGIT OF DATA STRING 

ANA A 
JNZ DIG3 

POP H ;RESTORE STATES 

POP D 

POP B 

POP PSW 

RET 

WRITE: 

; DISPLAY 3 DIGITS 

; INPUT HL-POINIS TO START OF DATA 

; £ -COLUMN ADDRESS 

• OUTPUT -NO REGISTERS DISTURBED 

PUSH PSW ;SAVE STATES 

PUSH B 
PUSH D 
PUSH H 

MOV A,E ;GET ADDRESS BITS AT HIGH END OF BYTE 

RLC 

RLC 

MOV E.A 


;INCREMENT POINTER TO DATA SIRING 
DECREMENT # OF DIGITS 
;DECREMENT 3 DIGIT COUNT 
;IF NOT THIRD DIGIT THEN LOOP BACK 


;LOOP FOR 3 DIGITS 
;CALCULAIE ADDRESS INTO TABLE 
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;OUIPUT FIVE ADDRESS BITS 
MVI C.5 
W.LOOP: MOV A.E 

RLC ;ROTATE ADDRESS 

MOV E,A 

MVI A.IOOOOOOOB .-GET MSB & ENABLE CHIP SELECT BIT 

ANA E 

CALL OUT ;OUTPUT BIT WITH CHIP SELECT 

DCR C 

JNZ W.LOOP ;LOOP UNTIL ADDRESS IS OUT 

; SIGNAL FOR A WRITE 
MVI A.OOH 

CALL OUT , -OUTPUT A ZERO BIT 

;OUTPUT THE DATA 

MVI B.3 ;3 BYTES OF DATA 

DISl; MVI C,B ;8 BITS PER BYTE 

MOV D,M 

DIS2; MOV A,D ;ROTATE DATA 

RRC 

MOV D.A 

ANI lOOOOOOOB ;GET NEXT BIT 

ORI OOOOOOOIB ;DI SABLE CHIP SELECT 

CALL OUT 
DCR C 

JNZ DIS2 .-LOOP UNTIL DONE WITH BYTE 

INX H 
DCR B 

JNZ DISl ;LOOP UNTIL DONE WITH 3 BYTES 

POP H ;RESTORE STATES 

POP D 
POP B 
POP PSW 
RET 

OUT; 

;SUBROUTINE TO OUTPUT ONE BIT TO THE MM58201 
; INPUT A -DATA BIT IN MSB POSITION 

; OUTPUT -NO REGISTERS DISTURBED 

; -OUTPUT ONE BIT TO 58201 

PUSH PSW 
OUT 20H 
ORI OlOOOOOOB 
OUT 20H 
ANI lOllllllB 
OUT 20H 
POP PSW 
RET 

DATA; DS 3 

TABLE; DB OOllllllB, OOOOOllOB, OlOllOllB, OlOOllllB 

DB OllOOllOB, OllOllOlB, OlllllOlB, OOOOOlllB 

DB OlllllllB, OllOllllB 

END 

SUMMARY 

The MM58201 makes it easy to interface a multiplexed LCD 
display to a microprocessor. It is simply a matter of connect- 
ing the display and the microprocessor to the chip, choosing 
a value for Vct. then interfacing your program to use the 


subroutines listed here or similar ones. Multiplexed LCDs 
are the perfect way to cut down on display interconnections 
while still taking advantage of the LCD’s low power con- 
sumption and high contrast ratio — and the MM58201 makes 
them easy to use. 


;CLOCK HIGH 
;CLOCK LOW 
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1.0 INTRODUCTION 

National has produced a family of high voltage display driv- 
ers which is specially designed for use with vacuum fluores- 
cent (VF) displays. These circuits are fabricated using a 
standard metal gate CMOS process which has been ex- 
tended to allow a maximum operating voltage of 60V, thus 
enabling the design of bright multiplexed displays. In this 
way, the advantages of CMOS are retained (low power), 
while the range of applications for this technology is in- 
creased. Many of today’s high voltage MOS display drivers 
require the use of one external resistor per display output, 
and this leads to a considerable increase in component 
count and board area. National’s display drivers, however, 
incorporate an on-board pull-down resistor structure which 
removes these disadvantages. 

This application note is intended to demonstrate several 
ways in which these display drivers can be configured to 
drive and control a wide range of VF displays. Although par- 
ticular attention will be given to one specific display, a 32- 
character alphanumeric display, the design is presented in 
such a way as to enable easy extrapolation to the system 
designer’s specific applications. 

2.0 FUNCTIONAL DESCRIPTION 

There are six circuits in this new family of high voltage VF 
drivers and they can be sub-divided according to maximum 
operating voltage, number of display outputs, data interfac- 
ing requirements and ability to be cascaded. Each of the 
three circuit configurations is available with maximum oper- 
ating voltages of 35V (MM583XX) or 60V (MM582XX). Due 
to the nature of the output stage required to attain high volt- 
age operation of CMOS devices, the drive capabilities of the 
display output decrease as maximum operating voltage in- 
creases. Therefore, to maintain the option of trading off dis- 
play voltage against drive current, each circuit has a high 
voltage (reduced drive) version and a low voltage (high 
drive) version. The three circuit configurations can be identi- 
fied by the number of display outputs they contain (e.g., 20, 
32 or 35 outputs). In all cases, data is entered serially into a 
5V internal CMOS shift register. This data is latched to the 
output either by an external enable control signal 
(MM58241/341 7242/342) or automatically by a leading 
start bit in the data stream (MM58248/348). Figure 1 shows 
how the 6 device numbers correspond to the different circuit 
configurations and operating voltages. 


The MM58348/248 devices use a two control line data input 
format (data in and clock) which enables the 40-pin part to 
have 35 display outputs. To load data into the controller, a 
start bit precedes the 35 data bits. The start bit is a logical 
“1” clocked into the 1C by the first clock pulse. Next, 35 
data bits are clocked into these parts. The start and data 
bits are shifted in on the rising edge of the clock. As the 
data is clocked into the 1C, the start bit is shifted down the 
35-bit register. On the rising edge of the 36th clock pulse, 
data is transferred to the display register and the start bit is 
shifted into the control latch. On the negative edge of the 
clock, the shift register is cleared. The display register feeds 
the level shifters that translate 5V CMOS levels to the 35V- 
60V required by the display. The MM58348/248 devices are 
not cascadable. Typically, these devices would perform the 
segment refresh drive in a multiplexed multi-digit system. A 
functional block diagram is shown in Figure 2. 

The MM58341 7241 7342/242 devices use a three control 
line data input format (data in, clock and enable) and have 
either 32 or 20 display outputs, as given by Figure 1. This 
configuration sacrifices some outputs to enable cascading, 
enhance control signal flexibility, and provide brightness 
control. Here again, data is shifted into the shift register on 
the rising edge of clock, but no start bit is needed. Instead, 
the enable signal is taken high to input data to the chip. 
When the enable is taken low, the contents of the shift reg- 
ister are loaded into the display register. Again, the display 
register feeds the level translator and display driver outputs. 
Each of the MM58241/341 and MM58242/342 devices has 
a serial data output pin which is connected directly to the 
last stage’s output of the shift register. By connecting data 
out from one device to the data in pin of another device, and 
by holding each circuit’s enable constantly high, the display 
drivers can be cascaded. The result is a shift register with a 
variable number of bits, depending on the mix of circuits 
used. 

The MM58341 7241 7342/242 devices also have a blanking 
control input. A logic high on this pin turns all outputs off, 
while still retaining the display data. If a logic “0” is then 
applied, the display data will return unchanged. Conse- 
quently, the brightness of the display is proportional to the 
duty cycle of this blank signal. A functional block diagram of 
these devices is shown in Figure 3. 



20 and 32 output drivers use envelope enable 
data format and may be cascaded. 

35 output (5x7 dot matrix) drivers use start bit 
data format. 


FIGURE 1. The Complete VF Display Driver Family 
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BLOCK DIAGRAMS 


OUTPUT OUTPUT 

35 1 


DATA IN 


CLOCK 



5V OV 


TL/F/7394-1 

FIGURE 2. MM58348/248 


OUTPUT OUTPUT 

32«/20t 1 


BLANKING 

CONTROL 


DATA IN 


CLOCK 


ENABLE 



^DIS 

(-30V FOR 
MM58341 /342, 
-55V FOR 
MM58241 /242) 


DATA 

OUT 


5V OV 


TL/F/7394-2 

FIGURE 3. MM58341/241* and MM58342/242t 
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2.0 FUNCTIONAL DESCRIPTION (Continued) 

Referring to the functional block diagrams shown in Figures 
2 and 3, it is clear that all the internal logic is implemented in 
standard 5V CMOS. Such signals do not possess sufficient 
drive for the high voltage output stage, so the data passes 
through a bank of 15V level shifters to the output section. A 
schematic of the output stage is shown in Figure 4. It can be 
seen that all these display drivers use a two-stage high volt- 
age structure with active pull-up transistors and passive pull- 
down resistors to the display voltage. Because resistor pull- 
downs are used, it is the output switching “off" time which is 
critical for the system design, and this is typically 20 p.s for a 
rail-to-rail voltage swing. 



Vdd = 5V+0.5V 


DISPLAY 

OUTPUT 


Vdis = -30V 
OR Vp|5 = -55V 


TL/F/7394-3 

FIGURE 4. High Voltage Output Structure 


3.0 DESIGN CONSIDERATIONS 


3.1 The VF Display Configuration 

The operation of a VF display is merely an extension of the 
valve principle, i.e., it is a voltage controlled device. An AC 
waveform is applied across the filament of the display, and 
this excitation causes electrons to be emitted. If both the 
grid and the anode are at a high positive voltage with re- 
spect to the cathode, the electrons reach the anode area, 
which is coated with a fluorescent material. When bombard- 
ed by electrons, this material emits light, hence one seg- 
ment of the display is turned on. 

This particular family of display drivers can drive a wide 
range of VF displays. The simplest case is where each dis- 
play segment can be directly driven by wiring each output to 
the display anode. This normally occurs on displays with a 
small number of digits and segments (e.g., 4 characters of 7 
segments) and this can be driven by cascading the drivers 
until sufficient data bits are available. This display configura- 
tion has the advantage of not requiring any refresh (which 
would be required if a multiplexed configuration were used) 
but has the disadvantage of needing one wire per segment. 
As the size of the display increases, the number of available 
segments also rises, thus a multiplexing scheme which will 
reduce the number of display connections is desirable. This 
is normally achieved by hard wiring all the segments (an- 
odes) of each digit together, then using the grids to select 
each digit in turn. The correct segment data can then be 


displayed. Using these techniques necessitates that the dis- 
play be continually refreshed with each digit of data, even 
when that data has not changed. 

To see the advantage of multiplexing, if a 32 character 5x7 
dot matrix display is used, a total of 1 120 segments is avail- 
able. For this reason, the display is multiplexed and has 32 
grid inputs and 35 segment inputs. The required refreshing 
task must be accomplished without the detection of flicker- 
ing by the human eye, i.e., at a rate greater than 50 Hz. 
(Refresh timing is discussed later.) 

Given the aforementioned display pinout and control logic, it 
is desirable in multiplexed displays to use the MM58341 to 
control the display grids (digits) and one MM58348 to con- 
trol the display anodes (segments). 

3.2 The Display-Driver Interface 

When using the MM58XXX series, no buffering is required 
between the driver output pins and the VF display. It is nec- 
essary only that the driver charge and discharge the display 
in such a time that the refresh rate outlined in the previous 
section can be achieved. All the CF drivers have LSTTL 
compatible inputs, and, as the data source is generally a 
microprocessor, no special interface requirements exist. 

3.3 The Microprocessor-Driver Interface 

Typically, the system utilizing these display drivers will have 
some sort of microprocessor or single chip computer con- 
trolling the display. Thus, this processor will control one or 
more of the display drivers. The drivers have relatively little 
intelligence, therefore the host processor will be in charge 
of updating the display drivers and generating refresh timing 
if needed. The advantage of having minimal intelligence on 
the drivers themselves is flexibility. Virtually any display size 
or type can be used with equal ease, from small 7-segment, 
to British flag types, to larger 5x7, 7x9 or 5x12 displays. 
The drivers can be directly interfaced to the microcontroller, 
COPSTM4XX, or 80C48/9. This would normally be accom- 
plished by connecting the driver’s data and clock lines to 
control ports on the microprocessor. The MM58248/348 se- 
ries is capable of accepting clock rates up to 1 MHz, and the 
MM58241/341 800 kHz. This is far faster than the control 
port bit manipulation rates for these controllers and will en- 
sure compatibility with most low end microprocessors. 
1 MHz input clock rates will also ensure that the desired 
display refreshing rate is attained. 

In higher end systems using NSC 800 tm or 6800 8-bit micro- 
processors, the 1 MHz clock rate, coupled with a 300 ns 
minimum pulse width, simplified direct interfacing of these 
drivers to a juP bus. In the simple case, some logic for ad- 
dress decoding would set aside an I/O port for communic- 
tion to each driver, then several bits of the data bus could 
be gated to create the clock, data and enable signals. 
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4.0 TYPICAL DESIGN IMPLEMENTATION 

4.1 Simple Direct Drive Application 

Figure 5 illustrates a simple cascaded direct drive applica- 
tion where MM58241s are cascaded to drive a 7-segment 
(plus decimal point) display. The MM58241s were chosen 
because of the ease with which they can be cascaded. The 
MM58248S can also be used and provide a few more out- 
puts per package, but cannot be cascaded. 

In this application, the controlling juP need only update the 
display whenever the data changes. When updating the dis- 
play, the data is assembled, enable is raised, and the data is 
clocked serially to the driver. Once all the data is loaded into 
the shift registers, the enable is taken low. This action up- 
dates the display. 


4.2 A 32-Diglt 5x7 Dot Matrix Application 

In this application, the obvious choice is to implement some 
sort of multiplexing scheme to drive the display with fewer 
lines. This application usually requires that a dedicated con- 
troller be used to generate all the timing signals. 

General multiplex timing of a VF display is usually similar to 
LED multiplexing. First, the segment data for one character 
is output to the display. Next, the digit strobe for that digit is 
raised, enabling the character. Then the digit strobe is 
brought low while the segment data is changed to the next 
character on the display. The next character is enabled by 
raising the digit strobe. This action continues until each 
character is turned on sequentially. Figure 6 shows the ba- 
sic timing for a simple display. 


DIRECT DRIVE VF DISPLAY 



o o o o o 

o o o o o 


MMS8341 OR 


■ 

■4 

MM58341 OR 






MM58341 OR 
MM58241 


SERIAL DATA | n? CONTROLLER 
ENABLE I ANO LOGIC 


FIGURE 5. Typical Direct Drive System with |aP 


#1 X#2 X#3 X#< X#5 X#6 **}7^A*^ X X#2 


FIGURE 6. Simplified Timing for Multiplexed VF Display 
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4.2 A 32-Digit 5x7 Dot Matrix Appiication (Continued) 

In this design, it is logical to use one MM58341 to control 
the display’s digits. As will be seen, this driver can be easily 
used to shift a single high level bit which will be used to 
sequentially enable each character. One MM58348 can be 
used to drive the segments. A 5 x 7 matrix has 35 segments, 
which is ideal for the MM58348. Therefore, this configura- 
tion has a total of 6 connecting lines to interface the micro- 
processor to the display drivers. The connection diagram is 
shown in Figure 7. Because both of the drivers accept data 
only when the clock is active, it would be possible to couple 
both data lines together. However, although this saves one 
interface line, there is a disproportionate increase in the 
software burden. 

The choice of which driver to use for segments and which 
for digits is dependent only on which configuration is the 
simplest to implement in hardware or software. The 
MM58241 /242Z248 devices are all equally capable of driv- 
ing the digits or segments of a display. 


4.3 Multiplexed Display Refresh Timing: The Controllers 

Considering first the digit driver (MM58341), it is clear that 
the digits must be enabled sequentially and that this pro- 
cess must be continuous, even when the display data has 
not changed. To this end, the data for the MM58341 is sim- 
ply a one followed by 31 zeroes, where the one is shifted 
along the internal register. As each digit is enabled, the cor- 
responding segment data is displayed. To ensure that no 
ghosting effects are seen during the transition between dig- 
its, the blank signal is activated for a short time before and 
after the segment data is changed. Figure 8 shows the mi- 
croprocessor waveforms and the resultant display wave- 
forms for the 32-character design. Thus, one can see how 
the blank is used to mask the display while the digit enable 
signal goes low and the segment data is latched. 


ONE 

MM58348/ 

MM58248, 

SEGMENT 

DRIVER 


32 CHARACTER 5x7 DOT MATRIX DISPLAY 
1 2 3 4 5 6 31 32 

mill II 


MM58341 OR MM58241 
DIGIT DRIVER 


DISPLAY 

MICROCONTROLLER 
8048, COPS, ETC. 


/iP HOST SYSTEM 


FIGURE 7a. Typical Architecture for Higher End System Utilizing Dedicated Display ;xP 


□ ■■■□ 


■ □□□■ 
□ □□□■ 


□ □□□□ 


COMMON 
DIGIT LINE 

TL/F/73E 

FIGURE 7b. Detail of Typical Dot Matrix Digit 
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4.4 Multiplexed Display Refresh Timing: 

Display Brightness (Continued) 

The refresh rate of the display is defined as the frequency at 
which each digit is enabled (i.e., the reciprocal of the time 
taken to display all digits). It is generally accepted that in 
order to avoid visible flickering, a refresh rate in excess of 
50 Hz is required. Typically, VF manufacturers recommend 
100 Hz-200 Hz. Some sample calculations follow and as- 
sume a refresh rate of 100 Hz. Therefore, the time given to 
display all digits is 1 /(1 00 Hz) = 10 ms, and is 1 0 ms/num- 
ber of digits) for any one digit. For this example, 10 ms/32 
= 312.5 jas. This is defined as the total digit multiplex time 
and will be made up of a digit “on” time and an inter-digit 
blanking time. The inter-digit blanking is required to prevent 
display ghosting when digit information changes. 

In general, then, the total digit time (tp) is the inverse of the 
refresh rate (fr) divided by the number of digits in the display 
(nd), i.e., 

to = 1/(frx nd) seconds. 

Since each digit time is composed of the “on” time, tooN 
and the blanking time, tooFF. the total digit time is: 

fo = fooN + tooFF (seconds). 

A useful measure of the brightness of a multiplexed display 
can be obtained by comparing it to the direct drive (100% 
brightness) case. In the direct drive application each digit is 
“on” permanently, while in the multiplexed mode each digit 
is “on” only for a portion of the time taken to refresh the 
display. Therefore, the measure of multiplexed brightness is 
given by the ratio of an individual digit “on” time to the total 
refresh time. Noting that the refresh time is a function of the 
total digit time (to) and the number of display digits (nd), a 
percentage figure for the brightness compared to the direct 
drive case can easily be calculated. 

percent muxed brightness = x 100 

to X nd 

percent muxed brightness = •; — - — ■ X 100 

(tDON + toOFF)nd 

Thus, regardless of the display logic’s refresh speed, the 
display brightness will obviously depend on the amount of 
multiplexing and the amount of inter-digit blanking time. This 
is one constraint limiting the multiplexing scheme, and dis- 
play manufacturers’ data sheets should be consulted to de- 
termine a display’s limits. This will, to a large degree, deter- 
mine whether a design should use 32-digit multiplexing or 
perhaps two separate 16-digit multiplexed displays. 

There are also limitations on the refresh rate based on the 
speeds of the hardware. In this design, the “on” time has a 
minimum value given by the time required to load the start 
bit and the first 34 data bits of the MM58348/248, i.e., the 
time required for 35 clock pulses of the MM58348. The 
MM58348 has a maximum clock frequency of 1 MHz, so the 
minimum time for 35 clock pulses is 35/(1 MHz) = 35 fis. 
The digit “off” time is constrained by the time required to 
clock the digit driver and to load the final segment data bit, 
or the time for the display outputs to switch off then on, 
whichever is greater. The MM58341 has a maximum clock 
frequency of 800 kHz, so the minimum digit “off” time due 
to driver limitations is related to 1/(800 kHz) + 1/(1 MHz) 
= 2.25 JU.S. The blanking signal must be active during this 
time. Also, though the display outputs take typically 20 jus to 
switch, the display itself limits the minimum digit “off” time 
and is actually 20 jxs. 


Thus, the minimum total digit time per digit is: 
tp = 35 JUS, -F 20 JUS = 55 juS. 

At a refresh rate of 10 ms, 10 ms/55 jus equals the theoreti- 
cal maximum number of digits that can be multiplexed, or 
about 180 35-segment characters. This is unrealizable since 
current display “on” times must be greater than 35 jus, and 
total digit duty cycles (or percent brightness) must be much 
higher. 

25 US 

percent brightness = X 100 = 0.25% 

55 JUS X 180 

For the 32-digit case, the percent brightness is more realis- 
tic: 

0.29 ms 

percent brightness = — — — x 100 = 2.9% 

0.31 ms X 32 

These times are the limits of the drivers. If the time required 
to load them is limited by the speed of the controlling proc- 
essor, the update times are calculated from the clock rates 
of the controlling juP. However, as one can see, the limita- 
tions are more likely due to the display. 

4.5 VF Display Brightness Control 

Generally, to control or vary the brightness of a display, one 
can either vary the display drive voltage or vary the “on” 
time duty cycle by applying a signal to the blanking control. 
The duty cycle of the blanking signal will determine the 
brightness. This latter technique is preferred since more 
predictable behavior results. 

In the simple direct drive case the MM58241/341/242/342 
must be used. A periodic waveform is applied to the blank- 
ing pin. Its frequency should be greater than 100 Hz- 
200 Hz. As the duty cycle is varied, the percentage of time 
that the digits are “on” is changed and the perceived bright- 
ness changes. 

In a multiplexed application, the brightness can be altered 
by merely modifying the relative length of the inter-digit 
blanking signal. This is easily accomplished in the software 
of the controlling juP by adding a delay while the blanking 
signal is active and subtracting the same delay from the 
time the blanking signal is inactive. 

The relative brightness is the percentage of time that any 
one character is “on” divided by the sum of the character’s 
“on” and “off” times. The latter term was previously defined 
as the total digit time. Thus: 

relative brightness = tDON/^D- 
Due to hardware refresh update speed limitations, 100% 
and 0% brightness cannot be achieved and also maintain 
proper refreshing, although 0% can be achieved just by 
stopping refresh and blanking continuously. (Note that this 
percentage is relative to the theoretical minimum and maxi- 
mum brightness for a given multiplexed display, not the 
brightness relative to a direct drive display as was done 
previously.) 

In the above 32-digit example, the maximum brightness is 
(assuming 10 ms refresh rate and 20 fis minimum inter-digit 
blanking): 

max. percent brightness =(0.29 ms/0.31 ms) x 100 
= 93.6%. 

The minimum brightness, assuming 35 jas minimum “on” 
time is: 

min. percent brightness = (0.035 ms/0.31 ms) X 100 
= 11.2%. 
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Clearly there is a large range of available display brightness 
levels which are easily software controllable by altering the 
duty cycle of the blanking signal. 

Again, the above analysis assumes that the microprocessor 
unit is interfacing with the display drivers at their maximum 
data rates. If this is not the case, some part of the bright- 
ness range will be lost. 

Refer to Appendix for general system considerations. 

5.0 THE SOFTWARE 

Having outlined the general method by which the data can 
be displayed, it now remains to demonstrate how this can 
be achieved at the microprocessor level. It was thought best 
to use a familiar microprocessor for this task, so the imple- 
mentation will use a 6502 and 6522 VIA circuit. The proce- 
dure which will be described is merely one example of how 
these display drivers can be applied, and it is hoped that by 
concentrating on the arranging and loading of the data, a 
more general benefit will be gained. 

The application to be described here is that of an alpha-nu- 
meric display where characters are entered from a key- 
board onto a VF display, feeding in from the left. The pro- 
gram will also accept control codes such as line feed, de- 



lete, etc. The general flowchart for this routine is shown in 
Figure 9. When the character is collected from the keyboard 
buffer it must first be established that it is a valid ASCII 
code; if not, it is ignored and the present data will continue 
to be displayed. The next thing to check is whether it is a 
control code. If it is a control code, the function represented 
must be executed on the existing data and the resulting 
data displayed. Assuming the ASCII code is not identified as 
a control code, it must correspond to a display character, 
and hence will be entered at the start of the display data 
buffer. Following this, the 32 characters denoted by the con- 
tents of the display data buffer are displayed, and after the 
last digit is enabled the keyboard buffer is checked for new 
data. As the display refresh rate far exceeds the speed of 
the human typist, each set of data is displayed several times 
before it changes. 

Looking at the routine for displaying the 32 digits in more 
detail, a flowchart can be drawn up, as shown in Figure 10. 


RETURN TO 
MAIN PROGRAM 


TL/F/7394-9 

FIGURE 10. Display Data Subroutine Flowchart 
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5.0 THE SOFTWARE (Continued) 

After first setting up and clearing the port lines and both the 
display drivers, a routine is performed for each of the 32 
display characters. The ASCII code is collected and decod- 
ed to reveal memory locations where the corresponding 35 
segment bits are stored. The start bit and first 34 data bits 
are loaded into the MM58348. Then the MM58341 blank 
signal is activated while the relevant digit is enabled and the 
final segment is loaded. After blank is removed, the next 
ASCII code is collected and decoded, etc. When the last 
digit has been loaded, control returns to the main program 
for the updating of the display data. 

The machine code routine for the setting up of each digit of 
display data is shown in Figure 1 1. The relevant addresses 
of ports and digit codes are included in Figure 12 to make 
the program comprehensible. The address of the segment 
data is stored in locations 00E2 and 00E3, and it is assumed 
that this is updated outside the display subroutine. The ports 
can be addressed as 8-bit memory locations or as individual 
lines. When considered as individual bits, the fifth address 
bit either sets or clears that bit, i.e., STA 0915 sets PAS and 
090B clears PB3. 

The segment data for each character is stored as 7 consec- 
utive memory locations, each containing 5 data bits. 


DISPLAY 

STA 0910 
STA 091 8 
STA 0908 



STA 0900 

\ Load start bit. 


LDY #06 

\ Load 30 segment 


JSR LOADS 

\ bits, 5 at a time 


LDA (l)E2 
LDX #04 

\ Load lowest addr. 

LOOP1 

STA 0920 
STA 0918 
STA 0909 
LSRA 
DEX 



BNE LOOP1 

\ Load 4 seg. bits. 


STA 091 B 
STA 091 9 

\ Enable high. 


STA 0909 

\ Digit select clock. 


STA 091 C 

\ Blank high 

FIGURE 11. Display 


The contents of each location are loaded into port A via the 
accumuiator, starting with the highest memory address. This 
is achieved by indexing the lowest memory address by the 
contents of the Y register (starting as 06) and decrementing 
this register as every 5 bits are loaded. The least significant 
bit of port A is used for the segment data (PAO) and the 5 
data bits are loaded by storing the code to port A, logicaliy 
shifting it to the right, and storing it to port A again. This 
procedure is repeated 5 times for each memory location. 
The code given in Figure 11 \s for the brightest case, i.e., 
where the blank signal is disabled, as soon as the data has 
been latched to the display outputs. Clearly, the brightness 
can be altered by delaying this action. 

The data is held in memory in the form of 7 locations of 5 
bits each. This format was chosen because each location 
can be equated to one row of 5 x 7 dot matrix, where the 
lowest memory location corresponds to the bottom row. For 
example, if it is desired that a “5” be displayed in the form 
shown in Figure 12, then the 36-bit data stream is as dem- 
onstrated. Assuming that the data is stored at the 7 loca- 
tions starting at address 2120, then the location contents 
are as denoted in Figure 13. 



STA 090B 
STA 0920 

\ Enable low. 


STA 0918 

\ Load 35th segment 


STA 0908 

\ bit. 


STA 0900 

\ Blank low. 


RTS 

\ Ret. to main prog. 

LOADS 

LDA (1), Y E2 

\ Load mem. contents. 


LDX #05 

\ Count for 5 bits. 

LOOP2 

STA 0920 

\ Push data to port A. 


STA 0918 

\ Segment clock high. 


STA 0908 

\ Segment clock low. 


LSRA 

\ Shift seg. data 


DEX 

BNE LOOP2 

\ and dec. bit count. 


DEY 

\ Set up address of 


BNE LOADS 

\ next 5 seg. bits. 


RTS 

\ Return to display 
\ subroutine. 


Data Load Subroutine 


Port A— Address 0920 Port B— Address 0921 


Port Bit 

Function 

Address 

PBO 

Clock 8 

09-8 

PB1 

Clock 1 

09-9 

PB2 

Data 1 

09-A 

PB3 

Enable 

09-B 

PB4 

Blank 

09-C 

PBS 

Not Used 

09-D 

PB6 

Not Used 

09-E 

PB7 

Not Used 

09-F 


Port Bit 

Function 

Address 

PAO 

Data 8 

09-0 

PA1 

Not Used 

09-1 

PA2 

Not Used 

09-2 

PA3 

Not Used 

09-3 

PA4 

Not Used 

09-4 

PAS 

Not Used 

09-5 

PAS 

Not Used 

09-6 

PA7 

Not Used 

09-7 


Lowest memory address giving location of segment display data; stored in locations 00E2 and 00E3. 

FIGURE 12. Port and Relevant Memory Addresses 
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5.0 THE SOFTWARE (Continued) 

Desired Display Character (Numeric 5) 

row 1 
row 2 
row 3 
row 4 
row 5 
row 6 
row 7 


Desired Data Stream 

01110000010000111110100001000011111 I 1 1 

start 

bit 

direction of data entry — > 


XXXXX 

X 

X 

XXXX 

X 

X X 
XXX 


Memory Contents (Assuming Lowest Address = 2120) 


row 7 
row 6 
rows 
row 4 
row 3 
row 2 
row 1 

FIGURE 13. Example of Segment Data Arrangement 


Address 

Contents 

2120 

OE 

2121 

11 

2122 

01 

2123 

IE 

2124 

10 

2125 

10 

2126 

IF 


6.0 CONCLUSIONS 

This design example is merely one of the many possible 
applications for the MM58348/341/248/241 family of high 
voltage display drivers. For other applications it should be 
noted that the other 2 circuits in this series, namely the 
MM58342 and the MM58242, can provide a much wider 
range of possible connections. For example, larger displays 
such as the 2-line by 40-digit 5 x 7 dot matrix formats can be 
driven with two MM58348S and two MM58342S cascaded to 
form a 40-bit shift register. 

The method by which the segment data is shown to be 
Stored and accessed in memory in convenient in the above 
example, although again it is only one of the many methods. 


An alternative using 5 locations of 7-segment data bits is 
possible, where the software would be faster but the data 
formatting more difficult. There are many trade-offs to be 
found with so versatile a series of circuits. 

The code used to demonstrate this example is that of the 
6502 microprocessor, and it would be a simple task to con- 
vert the instructions for another device (e.g., National’s 
CMOS NSC800). The versatility of display formats available 
is a major feature, and the fact that these display drivers are 
CMOS devices guarantees their low power consumption. In 
addition, the outputs incorporate internal pull-down resistors 
which greatly reduce the external component count. This 
cuts the required board area; consequently a considerable 
saving in system cost can be made. 
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APPENDIX: SYSTEM CONSIDERATIONS FOR 
VF DISPLAY DRIVING 

The purpose of the following text is to show how a designer 
can make decisions on displays he can drive or ranges of 
brightness he can achieve with a given system. Alternative- 
ly, it can be used as a method of designing a system to 
meet a desired display specification. 

THE THEORY 

1 . System Decisions 
System Constraints: 

a. Refresh rate (fr) 

b. Number of display digits (nd) 

c. Rate at which drivers are clocked by system (fcLk) 
Associated Parameters: 

a. Total time available to diplay all digits (t^) 

b. Total time allocated to each digit (to) 

c. Total time each digit is on (tooN) 

d. Total time each digit is off (tooFF) 

e. Number of display segments (ns) 

f. Number of system clocks required to display one digit 
(ncoN) 

g. Number of system clocks required to load segment bits 
(nc) 

h. Number of system clocks required to latch both segment 
and digit data (ncoFF) 

From the above definitions, the following equations can be 
stated: 

tr = 1 /fr (seconds) 

to = tf/nd = 1/(fr X nd) (seconds) 

^DON = tiniQ to load segment bits for next digit 
= ns system clocks 
= ncoN system clocks 
= ncoN/tcLK (seconds) 

tooFF = time to latch segment bits and to enable rele- 
vant digit 

= ncoFF system clocks 
= ncoFF/tCLK (seconds) 

Hence: 

to = toON + toOFF 

= (nCoN/fCLK) + (nCOFF/tCLK) 

= (ncoN + nCOFF)/fCLK 

= nc/fcLK (seconds) 

And: 

tcLK = nc/to 

= nc X fr, X nd (Hertz) 

2. Brightness Variation Considerations 

The brightness of the display is proportional to the duty cy- 
cle of the blank signal, and the range of intensities available 
depends on the size of tpoN and ultimately the refresh rate, 
fr. 

Bd = brightness of the display 
= duty cycle of blank signal 
= tpoN/tQ 

In the above example, the least bright case is where the 
blank signal is low for only one system clock per digit. 

Bd (min) = 1/nc 


And the brightest case is where blank is low only for the 
time required to latch the segment data and enable the digit. 
Bd (max) = (nc - ncoFF)/nc 
= 1 - [(ncoFF)/nc] 

The range of available brightness level, Br, is: 

Br = Bd (max)/Bd (min) 

= [(nc — ncoFF)/nc]/(1/nc) 

= nc - ncoFF 

It should be noted that this is the minimum range of avail- 
able brightness levels because tp was minimized to maxi- 
mize fr. If the system clock were fast enough to allow the 
maximum refresh rate to be in excess of the desired fr, then 
tp could be increased from its minimum value. This would, in 
turn, produce a wider range of brightness levels. 

It should also be noted that most manufacturers quote a 
minimum duty cycle for each digit. The system designer 
should ensure that neither end of the brightness specifica- 
tion exceeds this value. 

THE APPLICATION 

For the purposes of doing some sample calculations using 
the above theory, we will assume use of the system previ- 
ously described, i.e., the driving of a 32-digit 5 x 7 dot matrix 
display by one MM58341/241 and one MM58348/248. 

1 . System Decisions 

The number of display digits is fixed, i.e., nd = 32 (ncpN = 
35 and ncpFF = 2, so nc = 37 system clocks). Assume 
system has a 1 25 kHz clock rate. 

Therefore, the resulting refresh rate is: 

fr = [CLK/(nc X nd) 

= 125000/(37 X 32) 

= 105 Hz 

Also, the system clock rate needed for a given refresh rate 
can be calculated, e.g., fr = 200 Hz. 

fCLK= nc X fr X nd 
= 37 X 32 X 200 
= 237 kHz 

= approximately 250 kHz 

There are many other examples of how this theory can be 
used to evaluate the possibilities for VF systems. 

2. Brightness Variation Considerations 

We can now calculate range of brightness intensities avail- 
able with the above system, i.e., where fpLK =125 kHz, 
fr = 105 Hz. 

Bd (min) = 1/nc 
= 1/37 

Bd (max)= 1 - (ncpFF^nc) 

= 1 - (2/37) 

= 35/37 

Br = Bd (max)/Bd (min) 

= 35 

So the brightness can vary from its lowest value to its maxi- 
mum value, which is 35 times the minimum level. 

Also note that the minimum duty cycle for this display is 
given as 1 /40 (manufacturer’s specification), so there is no 
problem in this application. 
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Let us now take the example of driving the same display 
with a system where fcLK = 500 kHz, at a desired refresh 
rate of 200 Hz. 

nc = fcLK/(fr X nd) 

= 500000/(200 X 32) 

ncoFF is 2 as before, and although we require only 35 
clocks to load the segment data, 

ncoN = nc - ncoFF 
= 78-2 
= 76 system clocks 

In general, the higher the system clock rate, the wider the 
brightness control range. 

Therefore, 

Bd (min) = 1/nc 
= 1/78 


But, remembering that Bd (min) must be less than the stated 
duty cycle (1 /40): 

Bd (min) = 2/78 
= 1/39 

Bd (max) = 1 - (ncoFF/nc) 

= 1 - (2/78) 

= 76/78 
= 38/39 

Br = Bd (max)/Bd (min) 

= (38/39)/(1/39) 

= 38 

So, we can see that by manipulation of the system con- 
straints, a wider range of brightness levels can be attained, 
although this is ultimately limited by the stated duty cycle of 
the display. 
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Introduction 

The recent introduction of Vacuum Fluorescent (VF) dis- 
plays has provoked a great deal of interest in the market 
place in general, and in particular for use in automotive 
dashboard applications. Consequently, this attention has 
spread to the wide range of display drivers presently avail- 
able. To take advantage of these displays, a new form of 
high voltage driver was required, at a lower cost than the 
previously available integrated circuit. 

The Vacuum Fluorescent 
(VF) Display 

The operation of a VF display is based upon that of a stan- 
dard valve, where electrons are emitted from the cathode 
and are accelerated through the grid on to the anode. Initial- 
ly, a filament element heats the electrons at the cathode, 
providing the electrons with the necessary energy for emis- 
sion. If both the grid and the anode are at a positive poten- 
tial with respect to the cathode, then the emitted electrons 
pass through the grid and onto the anode. In a VF display, 
the anode terminal is coated with a fluorescent material, 
which will emit light when bombarded by electrons. The 
general structure of such a display is shown in Figure 1. The 
anode areas correspond to individual segments of the dis- 
play, and the grid is used to switch on and off whole digits, 
facilitating the option of multiplexed anodes. The brightness 
of the display varies directly with the voltage difference be- 
tween cathode and grid/anode, and this has resulted in the 
need for high voltage drivers. 

The type of display selected for an automotive dashboard is 
a critical decision, and there is a wide range from which to 
choose. Light emitting diode (LED) displays are commonly 
used in electronic dashboards at present, although they 
have the serious disadvantage of high power dissipation 
and a low level of brightness. Given the wide range of appli- 
cations found for liquid crystal displays (LCD) in recent 
years, one might expect to find this technique applied to 
dashboards. However, LCD has the inherent disadvantage 
of a limited operating temperature range and the low tem- 
perature operation demanded in automotive applications re- 
sults in difficulties when using present LCD technology as a 
substitute for LED. More modern display techniques, such 
as gas discharge or plasma, may provide a viable alterna- 
tive in the future, but the technology has not been sufficient- 
ly proven at this stage. A VF display, on the other hand, is 


well suited to automotive applications because of its high 
brightness level, relatively low power consumption, and 
wide operating temperature range. Further, due to the re- 
cent introduction of thick and thin film techniques into dis- 
play device manufacturing processes, it is with relative ease 
that high volumes of customer designed VF displays can be 
produced. 

The application of VF displays to automotive dashboards 
demands additional requirements, because of the wide 
range of environmental conditions under which it must oper- 
ate efficiently. In particular, it is imperative that the display 
characters are easily distinguishable in extreme light condi- 
tions. The visual recognition of the display information can 
be optimised readily by means of suitable filtering, and it is 
also desirable that the character brightness is variable. The 
latter could be achieved by altering the display voltage in 
proportion to signals from a light sensor mounted alongside 
the display on the dashboard. 

High Voltage Display Drivers 

EXISTING HIGH VOLTAGE DISPLAY DRIVERS 

The most common, and indeed the most publicized type of 
display driver utilizes a mixture of MOS and bipolar technol- 
ogies. While the logical areas of these devices operate as 
standard MOS 5V logic, each display output consists of a 
high voltage (up to 1 50V) Bipolar buffer. These output struc- 
tures result from well known npn and pnp design tech- 
niques, e.g. emitter follower, Darlington pair, etc., where 
high output source currents (up to 100 mA) are the aim. 
These high current circuits appear to be the legacy from 
high power LED display drivers and, although capable of 
driving VF displays, such devices have several drawbacks. 
First and foremost they are expensive, mainly due to the 
inherent low density of Bipolar technology which, if many 
display outputs are included in the circuit, can significantly 
increase die size and hence cost. For certain desired output 
structures it may be necessary to include extra masking 
steps to the basic MOS process, e.g. to form an epitaxial 
layer, and this again will inevitably lead to increased costs. 
Further, the high current outputs result in very high power 
consumption on chip which, depending on the package 
used, may cause problems due to excessive die tempera- 
tures. Difficulties associated with power dissipation may 
lead to a reduction in the number of display outputs per 
chip, or at least a limitation on the number of segments 
illuminated simultaneously. 



FIGURE 1. Cross-Section of a Vacuum Fluorescent (VF) Display 
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FIGURE 2. Example of a High Voltage MOS Open Drain Structure 


Another readily available type of high voltage display driver 
is fabricated using MOS techniques only. Such devices use 
PMOS technology, and the high voltage output sv/ings are 
achieved by means of open drain p-channel output transis- 
tors, as shown in Figure 2. Significant reductions in chip size 
can be achieved in this way, although such devices require 
one external pulldown resistor per display output. Conse- 
quently the board component count, and hence the system 
cost, will increase. 

Surveying the literature, several points of interest emerge. 
First, there is a trend towards including far more decoding 
and control logic on chip, and it is likely that this has oc- 
curred due to the increasing use of high voltage displays in 
word processor applications. Thus, there is a demand for 
decoding of both ASCII character display data and ASCII 
control codes direct from the keyboard. In addition, it ap- 
pears to be relatively rare to find display drivers with direct 
TTL data and clock inputs. Some devices cater for RS232 
or other standard interface requirements, but many devices 
require some level shifting circuitry between the data source 
and display driver inputs. 


excess of 100 ^isecs can be tolerated. A typical VF display 
has a capacitance of 20 pF and if the output off resistance 
is 200 Ktl, then a discharge time constant of 4 fisecs can 
be anticipated, more than adequate for the demands of the 
human eye. 

Another desirable characteristic of the VF driver is that it 
has internal pulldown resistors on each of its display out- 
puts. Thus, the complete structure shown in Figure 2 can be 
incorporated on to the integrated circuit, and this will reduce 
component count and hence cost. The value of this resistor 
is critical in terms of both output voltage swing and standby 
power consumption, and as such is a parameter which must 
be closely defined. In addition, because low power con- 
sumption is desirable, the 5V logic on chip should dissipate 
as little power as possible and for this reason complementa- 
ry MOS (CMOS) is the optimum processing technology to 
be used. 

The cost of the finished product is closely related to the 
complexity of the fabrication process used and so the most 
proven of the available CMOS processes should be chosen. 
Thus, metal gate CMOS will be the process used. 


THE ‘IDEAL’ VF DISPLAY DRIVER 

As has already been stated, the operation of a VF display is 
similar to that of a valve and hence is a voltage controlled 
device. In addition, the nature of the fluorescent material is 
such that the amount of light emerging from the display is 
directly proportional to both the number of, and the speed at 
which the electrons arrive at the anode. The number of 
electrons emitted from the cathode is a function of the cur- 
rent in the filament and as such, has a limit. The accelera- 
tion of the electrons, on the other hand, is directly propor- 
tional to the voltage between the cathode and the grid/an- 
ode. Thus, one major requirement of the VF driver is that it 
is capable of large output voltage swings between the on 
and off conditions. At present, typical VF displays operate at 
a maximum cathode to grid/anode voltage of 50 volts, and 
so it is essential that the driver can produce output swings 
of at least 50V. 

Coupled with the discussion on output voltage capabilities, 
an examination of the display output current requirements 
should be undertaken. The previous conclusion, that the VF 
display is a voltage controlled device, suggests that high 
current outputs are not required (typically 5 mA for a seg- 
ment and 10 mA for a digit). The driver output must charge 
and discharge the display capacitance in such a time as to 
avoid visible flickering or ghosting effects. Given that most 
VF displays now have multiplexed anodes, and that the re- 
fresh rate must be greater than 1 00 Hz to prevent the above 
effects, then it can be seen that charge/discharge times in 


Standard Metal Gate CMOS 
Processing 

Examining the requirements outlined in the previous sec- 
tion, it is clear that metal gate CMOS design techniques can 
provide low power 5V internal logic and TTL microprocessor 
interface inputs with relative ease, using existing methods. 
Hence, it is the other requirements, namely high voltage 
outputs and on chip pulldown resistors, which demand clos- 
er attention. 

OPERATING VOLTAGE LIMITATIONS 

The electrical parameters which accompany the CMOS 
metal gate design rules state that 18V is the maximum volt- 
age of operation of any circuit designed according to those 
rules. In order to contemplate possible ways by means of 
which this limitation can be overcome, the mechanisms 
which cause it must be examined. 

In general, it is the phenomenon of breakdown which deter- 
mines the maximum operating voltage, and there are sever- 
al methods by which this can occur. One such instance is 
junction breakdown, where the reverse biased pn diffusion 
diodes inherent in the process exhibit either avalanche or 
zener breakdown mechanisms, as described by Bar-lev (1). 
Under these conditions, the diodes begin to conduct in the 
reverse direction and clearly this will prevent the circuit from 
operating as designed. In practice, however, this does not 
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occur until junction voltages in excess of 80V are applied 
and hence it is not a limiting factor on the VF driver circuit 
envisaged. 

Another breakdown method is punchthrough, of which there 
are two types. The first, known as vertical punchthrough, 
occurs only in CMOS transistors which are situated in their 
own diffusion wells. For the metal gate CMOS process con- 
sidered in this paper, the substrate is n-type material, and 
so it is the n-channel transistors which are formed with- 
in p -wells. At high voltages (18V), where the potential 
between the drain (n + material) and the well (p-) is large, 
the depletion region associated with the drain diffusion can 
extend until it reaches the substrate (n-), at which point a 
current path is formed. In this way, vertical punchthrough 
can occur as shown in Figure 3. 

The second punchthrough mechanism is horizontal 
punchthrough, and this normally occurs between drain and 
source of both n- and p-channel devices. As stated by Ham- 
ilton and Howard (2), the threshold voltage of the basic 
MOS transistor is the voltage required to cause field inver- 
sion in bulk material and hence form a drain source channel, 
the conductive properties of which are controlled by the 
gate voltage. As before, at high drain voltages (30-35V), a 
depletion region extends out from the drain diffusion. If the 
drain (p-l- or n-l-) to bulk (n- or p-) potential is high 
enough the drain depletion region will reach the source dif- 
fusion (p-t- or n + ) and an uncontrolled drain source chan- 
nel is formed, causing the transistor to act as a short circuit. 
Consequently, horizontal drain source punchthrough, as 


shown in Figure 4, is a phenomenon which must be pon- 
dered carefully in connection with high voltage applications. 
The final breakdown mechanism is known as surface ava- 
lanche breakdown, and this occurs due to an accumulation 
of charge at the bulk material surface. If the drain voltage is 
again large with respect to both the gate and the source 
(30-35V), then the equipotential lines shown in Figure 5 will 
lead to an area of high electric field at the surface of the 
drain to bulk junction. Under the above conditions, and be- 
cause the depletion region is relatively narrow at this point, 
surface avalanche breakdown can occur as described by 
Grove (3). 

It is true to say, therefore, that there are several breakdown 
mechanisms which contribute to the aforementioned oper- 
ating voltage limit. Referring to the on chip structure outlined 
in Figure 2, it is clear that only high voltage p-channel tran- 
sistors are required, and so vertical punchthrough need not 
be considered in this case. In addition, junction breakdown 
will only occur at voltages above those envisaged in this 
application, and hence horizontal punchthrough and surface 
avalanche breakdown are the phenomena which must be 
overcome to facilitate a successful design. 

ON CHIP RESISTORS 

Due to the nature of CMOS, i.e. because the technology 
produces both pull-up and pull-down transistors, it is rela- 
tively rare to find resistors in such circuits. A further reason 
for the rare appearance of resistors is that the tolerances on 
MOS diffusion resistors are so large as to make them unac- 



FIGURE 3. Vertical Punchthrough in a CMOS N-Channel Transistor 



FIGURE 4. Horizontal Punchthrough in a CMOS P-Channel Transistor 
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FIGURE 5. Surface Avalanche Breakdown in a CMOS P-Channel Transistor 


TL/F/8349-5 


ceptable in normai applications. One occasion where such 
resistors are used is where it is only the ratio between the 
resistors which is important, and not their precise values, for 
instance in a voltage divider. Under these circumstances, 
any change in the nominal resistance value will be reflected 
in all the resistors and hence the divider will operate as 
designed. 

As was pointed out above, such resistors are normally 
formed by making use of the sheet resistance of diffusion. In 
particular, the diffusion with the highest value of sheet re- 
sistance is used, and this is p-material. Hence, the structure 
shown in Figure 6, known as a pinched p- resistor, is com- 
mon, and it is clear that this device is in fact a p-channel 
junction field effect transistor (JFET). The theory of JFET 
operation is described by Glaser and Subak-Sharpe (4), and 
because the p- diffusion process is followed by n+ diffu- 
sion it can be seen that the JFET gate completely surrounds 
the p-type channel region in the form of n-f- and n- (sub- 
strate) material, which is tied to 5 volts. For this reason, the 
pinch-off voltage is very low (typically 10V) and so these 
pinched resistors are widely used in low voltage applica- 
tions. Further, p- diffusion sheet resistance is a parameter 
which has a wide process spread, i.e. 4.5-7.0 kfl per 
square, and although the pinched resistor technique in- 
creases this nominal resistance value due to depletion ef- 
fects, such resistors are difficult to specify in advance. 

If the large changes in resistance value are not tolerable 
then pH- diffusion resistors in the n- substrate are a viable 
alternative, for two reasons. First, because of the doping 
profile of p-l- diffusion, the JFET depletion effects are re- 
duced, and consequently such resistors have a much higher 
pinch-off voltage. Second, the nominal resistance of p+ 
diffusion is much more stable over the process range, al- 
though its value is far lower (40-80ft per square). For this 
latter reason, p-l- resistors occupy large areas for relatively 
small values. 

High Voltage CMOS 

Referring to the ‘Ideal’ VF Driver section, one of the princi- 
pal aims of this design is that a standard fabrication process 
be used. Bearing that in mind then, there follows a study of 
possible ways by which the original VF display driver specifi- 
cation could be realised or even enhanced. 

HIGH VOLTAGE TRANSISTORS 

The simpler of the two operating voltage limitation factors to 
overcome is horizontal punchthrough. From Figure 5, it is 
clear that in order to increase the drain source voltage at 


which the depletion regions combine the distance between 
the drain and source must be increased. This has the effect 
of lengthening the transistor channel, and the conse- 
quences of such action should be considered. The basic 
equations which describe the mode of operation of the MOS 
transistor are derived by A.M.I. (5), and from these, increas- 
ing the channel length (L) will result in lower drain source 
current (Ips), lower gain factor (/3), and higher threshold 
voltage (Vj). All of these effects will degrade the transistor 
performance, although it is worth noting that the aspect ratio 
(W/L), i.e. the ratio of channel width (W) to its length, is a 
major component of the transistor equations. Hence, some 
performance can be salvaged by increasing the channel 
width to return the aspect ratio to its original value. Unfortu- 
nately, this approach increases gate area and hence para- 
sitic capacitances, and so the resulting high voltage transis- 
tor is still inferior to its low voltage equivalent. 

The other mechanism which leads to high voltage break- 
down in MOS transistors is surface avalanche breakdown, 
and this phenomenon can only be overcome at a cost. As 
was explained previously in reference 3, this avalanche ef- 
fect is caused by a region of high electric field which can 
lead to electrons with energy levels high enough to start a 
chain reaction of collisions within the silicon lattice. The 
electric field at the corner (^corner) determines whether this 
phenomenon will occur and reference 3 points out that 
^corner is inversely proportional to gate oxide thickness 
(W- Armed with this information, initial experiments were 
carried out with long channel devices having tox values 
ranging from the standard process value of lOOOA up to a 
maximum possible value of 2300A. In practice, the oxidation 
cycle had to be altered to allow these different oxide thick- 
nesses to be fabricated without affecting other process pa- 
rameters. As a result of these experiments, it was found that 
surface avalanche breakdown occurred at approximately 
40V with tox = 2300A. An alternative experiment involved 
making use of the oxide which isolates the silicon from the 
metal inter-connect, that known as field oxide. Field oxide is 
typically 8800A thick, and hence it was felt that using this as 
gate oxide on long channel devices could provide the de- 
sired high voltage performance. However, field oxide MOS 
transistors were found to have breakdown voltages in ex- 
cess of 70V, and for this reason it was decided that the VF 
driver outputs would be designed for a maximum voltage 
swing of 60V. The high breakdown voltage, however, is 
achieved at a cost in terms of performance. Using the basic 
MOS transistor equations of reference 5, and noting that 
increasing tox will decrease gate capacitance (Cqx). it is 
clear that low values of gain factor (/3 = 1 /xA/V2), and high 
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JFET JFHGATE JFET 



FIGURE 6. P-PInched Resistor 


values of threshold voltage (Vx=-6V) are expected. If 
these performance limitations are taken into account at the 
design stage, then high voltage p-channel MOS transistors 
are feasible. 

The high voltage transistors outlined above are an ideal so- 
lution to the display output problem, as their fabrication re- 
quires no additional processing stages. 

HIGH VOLTAGE PULLDOWN RESISTORS 

Before looking at ways in which the high voltage pulldown 
resistors may be realised, a definitive value for this resistor 
should be assigned. It is essential that the resistor value is 
low enough that any leakage current from the p-channel 
transistor does not cause the output voltage, when the out- 
put is in the off state, to be significantly higher than the 
display voltage. If maximum values of expected leakage cur- 
rent are of the order of 10 juA and if the maximum output off 
voltage to display voltage difference is 2 volts, then the 
maximum resistance value is 200 kH. In addition it is desir- 
able to minimise the current taken on chip when the output 
is in the on state. Given that approximately 60V will appear 
across the resistor under these circumstances and if the 
maximum desired on current is 600 juA per output, then the 
minimum resistance value is 100 kn. Clearly, there is a 
trade off in performance between the above two require- 
ments, and if the design is centered about a resistance val- 
ue of 150 kft then any variation due to process spread 
should not cause this value to drop below 100 kfl or rise 
above 200 kH. 

Having established the value of the resistor to be designed, 
it only remains to decide the method by which this is to be 
achieved. Unfortunately, neither of the two methods out- 
lined previously can be applied in this case. P+ diffusion 
resistors are not practical because the nominal resistance 
per square of such material is too low, typically 60n per 
square, making such resistors occupy excessive amounts of 
die area. A p- pinched resistor, on the other hand, will 
pinch-off at voltages in excess of 10V, and hence such a 
technique is not applicable. 

Given the size of the resistor required, and in order that the 
die area be minimised, a technique using the p- diffusion 
should be sought. The problem is to ensure that a resistor of 
this type does not pinch-off at the voltages anticipated, and 
hence a method whereby the channel depletion effects may 
be minimised must be found. The first way in which these 
effects can be reduced is to increase the width of the 


p— resistor region. This results in an increase in the voltage 
required to pinch-off the channel, although in the case of 
pinched p- resistors an intolerably large increase in area is 
required to allow high voltage (in excess of 50V) operation. 
If, however, the n -I- diffusion layer shown in Figure 6 is re- 
moved, then the JFET channel is only depleted from three, 
instead of four sides. Experiments showed that if the p- 
was simply diffused into the native n-type substrate without 
an n-l- covering, and if the channel was sufficiently wide, 
then p- resistors with pinch-off voltages in excess of 60V 
could be fabricated. Secondary tests showed that the p- 
sheet resistance doubled in this mode from its unbiased 
value, although this parameter is closely dependent on the 
drain to substrate potential. 

Hence, the objective of high voltage on chip pulldown resis- 
tors has been realized with no alterations to the standard 
fabrication process. 

DtSPLAY DRIVER IMPLEMENTATION 

As discussed previously, the microprocessor interface in- 
puts are TTL compatible and the internal data handling 
CMOS logic operates from a 5 volt supply. The display data 
emerges from this logic and enters a bank of level shifters, 
which convert the 0 — ► 5V waveforms into - 1 0 — > 5V lev- 
els. In this way, a p-channel field oxide transistor can be 
driven. The output section is in the form of a pre-buffer fol- 
lowed by a display output driver and a schematic of the 
whole circuit is shown in Figure 7. 

Examining the schematic in more detail, it is clear that the 
— 10V supply to the level shifting stage (Vee) is derived by 
means of a p - resistor ladder between Vgs (OV) and V^ig 
(-55V). The sizes of both the p-channel field device and 
the p- resistor in the pre-buffer stage are non-critical, as 
they merely drive the next stage, except to state that the p- 
channel is 16 jam long and the p-resistor is 10 jam wide. In 
fact, it is desirable that the p-resistor has a high resistance 
value as this minimises the circuit current when the display 
outputs are in the off state (pre-buffer is on). The output 
driver stage, on the other hand, demands a more structured 
approach. Using the design figure of 10 kfl per square, a 
p— resistor size of 16 squares was used, i.e. a region of p- 
diffusion which was 15 jam by 240 jam. The p-channel field 
transistor was selected to have an output on impedance of 
1.5 - 2.0 kn, and to achieve this a size of 300 jam by 16 jam 
was chosen. The low VF display currents result in this high 
output on impedance being accepted. 
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The Future 

Clearly, the future for VF display drivers is highly dependent 
upon the way in which such displays progress over the next 
few years. Further experiments with high voltage p-channel 
transistors suggest that voltages in excess of 1 0OV can be 
sustained, although this work is at present only at the initial 
evaluation stage. Hence, if future VF displays demand oper- 
ating voltages of this order, compatible drivers should bo 
feasible. 

At present, there is considerable interest in Front Luminous 
VF Displays (FLVD), and it is claimed they provide better 
visual character recognition and a wider viewing angle. This 
is achieved by reversing the order of the component parts of 
the VF display shown in Figure 1. Hence, the luminous ma- 
terial is directly beneath the front glass, and so the light is 
unimpeded as it is emitted from the display. Fortunately, 
however, the driving requirements of FLVD are similar to 
those of the present VF display, and so the display drivers 
outlined in this paper appear adequately to meet the needs 
of the VF displays of today. 

Conclusions 

The display drivers described in this application note have 
demonstrated how a fabrication process, thought only to be 
applicable to low voltage designs, can be extended to pro- 
duce high voltage circuits. This suggests that the standard 


processes of today may also be stretched in other direc- 
tions. If closer attention is given to the mechanisms behind 
the circuit and process limitations, then it is possible, as in 
this case, that they can be overcome. Clearly, if this is 
achieved the rewards of a wider range of products from the 
same fabrication process will follow. 
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INTRODUCTION 

Vacuum Fluorescent (VF) displays are becoming more and 
more common in a variety of applications. Manufacturers of 
everything from Automobiles to Video Recorders have tak- 
en advantage of these easy to read displays. VF displays 
are available in a wide variety of configurations; clock dis- 
plays, calculator displays, multi-segment, and dot matrix dis- 
plays are readily available at a low cost. This application 
note develops and covers in some detail a small CMOS 
system consisting of a single chip microcontroller and two 
display drivers which control a 20 character, 5 x 7 dot matrix 
VF display. 

Figure 1 shows the schematic of the system. The microcon- 
troller, a COPS™ 424C, receives a character in ASCII form 
from the host system, stores the ASCII value of the charac- 
ter in its onboard RAM, converts the ASCII value to a 5 byte 
data word suitable for the display drivers and displays it on 
the VF display. The COPS also refreshes the display contin- 
uously while performing character update, much like a dumb 
terminal. Not including the address decoding logic, this ap- 
plication requires only the onboard RAM and ROM of the 
COPS424C, and National’s MM58341 and MM58348 VF 
display drivers. If a steady message or a scrolling sentence 
is desired, only small changes in the COPS software are re- 


quired. In this case the messages could be stored in the 
ROM of the COPS and the need for a host system would be 
eliminated. 

VF DISPLAY AND VF DISPLAY DRIVER 
REQUIREMENTS 

The display used in this application was an Itron 
#DC205G2. This 20 segment, 5 x 7 dot matrix, multiplexed 
display required a filament voltage of 5.7 Vac and a filament 
current of 37 mAac. The anode and grid voltages were sup- 
plied by the display drivers. The voltage and current require- 
ments vary considerably for different displays depending on 
the size and number of characters, and the configuration 
(dot matrix, 7 segment, 14 segment, etc.). To determine the 
voltage requirements for a particular display, a simple calcu- 
lation can be made. If maximum possible brightness of the 
display is desired, the following equation must be true; 

E, ^ Eb + Ek + (lb) (Ron) where: 

Et is the total Voltage of the display drvier or Iv^jsl + V^d 
Ek is the display Cathode Bias Voltage 
Eb = Ec is the typical Anode or Grid Voltage (Vp.p) 
lb is the typical anode current (mAp-p) 

Ron is the display driver output impedance (H) 



FIGURE 1. System Diagram Showing the Basic 3-Chip Dispiay Controller 
and the Interface to a Microprocessor System 
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If the maximum brightness is not desired, the following 
equation can be used: (Et)(1.2) ^ Eb + Ek + (lb) (Ron)- In 
this application, the calcuiated Et was 42.25V, however, the 
dispiay was legible under normal lighting conditions, with an 
Et as low as 25V. If your display requires more than the 35V 
output of the MM58341 and MM58348, pin for pin compati- 
bie 60V VF Display Drivers (MM58241, MM58248) are avail- 
able. 

Figure 2 shows the relationship between the required VF 
display voltages. The cut-off voltage (Ek) is set by the Zener 
diode on the center tap of the fiiament transformer. This 
value is given in the VF display data sheet. 

Avoiding Flicker and Pulsing 

There are two different conditions which may cause the dis- 
play to appear to flicker. The first is the refresh rate. This is 
particulariy a problem on displays where the micro-control- 
ler must up-date more than 25 characters. Since the human 


eye begins to notice flicker at about 40 Hz, a display with a 
refresh rate less than that will appear to be flashing on and 
off. 

The second type of flicker occurs when the refresh rate is 
between 40 Hz and 90 Hz. in this case, the display will 
appear to be rolling rather than flashing. This condition oc- 
curs when the refresh rate and the filament frequency are 
close together. If a character is only on during the time 
when the filament voltage is negative, it will appear to be 
slightly brighter than the character next to it which may only 
be on during the positive cycle of the filament voltage. If this 
is the case, as it was in this application, the simplest solu- 
tion is to increase the frequency of the filament. A DC oscil- 
lator circuit, such as the one shown in Figure 3, can be used 
to replace the AC voltage source. The filament frequency 
can be easily adjusted to eliminate this condition. 


SEGMENT GRID 



FlUMENT 

LEVEL 


SEGMENT 
"OFF" LEVEL 


TL/F/8683-2 



TL/F/8683-3 

FIGURE 3. Filament Oscillator Circuit 
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VF Display Drivers 

Two high voltage display drivers were needed to control the 
VF display. A MM58341 , was used to control the grids and a 
MM58348 was used to control the individual pixels or an- 
odes. Both of these drivers receive serial information and 
output 32 and 35 segments of data respectively. 

The MM58341 has three control pins which make it ideal for 
controlling the grids of a VF display. The blanking control 
pin will turn off all segments of the display when a logic ‘1 ’ is 
applied to this pin. This is particularly important for reducing 
ghosting, and controlling brightness. Ghosting is a condition 
where the last characters shadow appears behind the char- 
acter being displayed. The enable pin acts as an envelope 
for the input signal. Only while it is at a logic ‘1 ’ level will the 
circuit accept clock inputs. When the pin goes low, all the 
data is latched and displayed. A data out pin is also provid- 
ed for cascading. If the display has more than 32 grids, a 
second grid driver can be cascaded by connecting the data 
out pin to the input data for the second grid driver. 

The MM58348 is a 35 bit shift register and latch which is 
used to control each pixel or dot. When a leading 1, fol- 


lowed by 35 bits of data, is received, the data is latched and 
displayed. The chip is automatically reset upon power up. 

MULTIPLEXED DISPLAY REFRESH TIMING 

Considering first the digit driver (MM58341), it becomes 
clear that the digits must be enabled or refreshed sequen- 
tially and that this process must be continuous regardless if 
the display data has changed. The data for the MM58341 is 
simply a 1 followed by 19 zeroes where the 1 is shifted 
through the internal registers of the MM58341. As each digit 
is enabled, the corresponding segment data is displayed. To 
insure that no ghosting effects are seen during the transition 
between digits, the blanking control is activiated just before 
the data is latched into the dot or anode driver and deacti- 
vated just after the data has been latched. During this time 
when the blanking control is activated, the grid driver is 
clocked shifting the 1 to the next location. Figure 4 shows 
the micro-controller waveforms and the resultant display 
waveforms for the 20 character display. 


MM58341 

INPUTS 



DIGIT DATA DIGIT DATA DIGIT DATA DIGIT DATA 



START BIT ^ START BIT ^ START BIT START BIT 


MM58348 

SEGMENT 

OUTPUT 



MM58341 

OUTPUTS 

(19) 

DIGIT 19 "ON" \ 



TL/F/8683-4 

FIGURE 4. Timing Diagram 
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In between digit strobes, the segment data is updated. The 
first 34 bits of segment data are set up in the dot driver and 
the blanking signal is activated to disable all 20 digits. The 
35th bit of data is clocked in, updating the segments. Since 
the MM58348 resets its internal shift register each time the 
data is latched, it can accept all but the final data bit while 
still displaying the previous digit. The digit driver is then 
clocked, shifting the digit strobe to the next position. The 
enable is then brought low, enabling the next digit. Finally 
blanking control is deactivated and the data displayed. 
During the time which the blanking control is high, the order 
in which the segments or the digits are updated is not crit- 
ical. Since this occurs while the display is blank. The digit 
driver may be clocked first, or the segments could be 
changed first. In general, the philosophy for the driving this 
VF multiplexed display is outlined in Figure 5. 

HOST INTERFACE AND PROGRAMMING 

With a minimal amount of address decoding and an eight bit 
latch, COPS can be interfaced with a common microproces- 
sor bus. When a character has been input into the host to 
be displayed, the ASCII value of that character is latched 
Into the eight bit latch (MM74HC373) and is read on the L 
port (LO-6) of the COPk The MSB of the ASCII value must 
be a logic 1 . This MSB is the signal to the COPS that a new 
character is being presented. Once the character has been 
stored, an interrupt is sent from the COPS to the host 
through the D-0 port. The COPS checks for a new character 
being input every 200 /xs. If a character is being sent, 1 ms 
is required to store that character in the RAM of the COPS. 
With the COPS controlling the display, the host micro-proc- 
essor is not being tied down with character look-up and dis- 
play refresh. A simple flowchart of the host requirements is 
shown in Figure 6. 

COPS SOFTWARE 

There are four main sections of the COPS software. The 
first section, the initialization of the RAM, sets up the RAM 
as shown in Figure 7. A ‘O' is stored in all of the LSB posi- 
tions and a ‘2’ is stored in all of the MSB positions. Since 
the COPS is in a constant display loop, this is necessary to 
insure a blank display. 20H is the ASCII value of a space. 
With the RAM set up in this way, a maximum of 28 charac- 
ters can be stored in RAM. Since the display in this applica- 
tion is only 20 characters long, RAM locations M1,4 to 
M1,11 and M3,4to M3, 11 are not used. RAM locations 1,12 
to 1,15 and 3,12 to 3,15 are used as temporary storage 
throughout the program and cannot be used for character 
storage. 

The second part of the program, stores the new characters 
sent by the host CPU in RAM. Once a character has been 
sent, this section of the program checks the ASCII value of 
that character to see if it is a control character or a display 
character. If it is a display character, the character is stored 
in RAM and an interrupt is sent to the host. There are three 
control characters which the COPS program will recognize. 
Cursor forward (ASCII value 08H) moves the cursor forward 
without destroying the data, cursor backwards (ASCII value 
OCR) moves the cursor backwards without destroying the 
data, and return (ASCII value ODH) will clear the display and 
put the cursor at the beginning of the display. To recognize 
and store a character, 1 ms is required. 

The third part of the program, the display loop, is the heart 
of the program. Unless a new character has been detected, 
the program is always in this loop. This section does the 



FIGURE 5. Flowchart for Display Drivers 



FIGURE 6. Host System Flowchart 
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character font look-up, shifts the character data out the 
COPS serial port to the MM58348, and controls the 
MM58341 through the four bit paraliel port (GO-4). Because 
the most significant nibble of the program counter is used 
as part of some COPS instructions, it is important that parts 
of the program are located at specific locations in ROM. 
The final part of the program is the data. Each character is 
represented by a 5 byte data word. Each byte of the data 
word is stored at a different location in ROM. Fonts for char- 
acters with the ASCIi values from 20H-5AH have already 
been stored in ROM. These characters can be changed or 
more characters can be added. The only limitation to the 
number of characters is the amount of available ROM. 

CREATING THE 5 BYTE DATA WORD 

Any number or combination of pixels or dots can be turned 
on at a time. To create a new character, it is easiest to first 
create a binary string which represents the character. A ‘1 ’ 
in the binary string will turn on the pixel, a 'O’ will turn it off. 
To create this string, start in the upper left corner of the 
matrix and go down the columns. 

The letter ‘A’ (Figure 9) would have a binary string shown in 
Figure 8. The data must be padded to make it an even 5 
bytes in length. The pad at the beginning of the data (0001) 
is used as the leading 1 for the MM58348. The one bit pad 
at the end of the binary string must be a 0. If a 1 were sent 
as the pad, it would be used as the start bit for the next 
character. 

The 5 byte data word that would be stored in ROM and 
represent the letter ‘A’ would then be 1 3EA24283E. 

STORING THE DATA IN ROM 

The 5 bytes of data are stored in 5 different locations in 
ROM. The first byte of data wiii be stored, LSB first, at loca- 
tion 200H plus the ASCII value of the character. For exam- 
ple, the ASCII value of the letter ‘A’ is 41 H. The first byte of 
data for the letter ‘A’ would be stored, least significant bit 
first, at 241 H. The second byte of data is stored at the loca- 
tion of the first data byte plus 60H or in this case at 2A1H. 
The location of the third byte is 40H plus the location of the 


second byte. In this case, the third byte of data wouid be 
stored at 2E1H. The fourth byte of data is stored at 300H 
plus the ASCII value of the character or at 341 H for the 
letter ‘A’. The final byte of data is stored 40H from the fourth 
byte or at 381 H. Remember the LSB of each byte is stored 
first. Table I shows the locations in ROM and the values 
stored in them for the letter ‘A’. 

This application shows a VF display controller designed 
with a minimum number of IC’s. If additional information 
about VF displays or VF display drivers is required, 
refer to Application Note AN-371 (The MM58348/ 
342/341/248/242/241 direct drive Vacuum Fluorescent 
(VF) Displays. 


TABLE I. Character Data of ‘A’ 
and Its Locations in ROM 


Address 
In ROM 

Data 

Stored 

0241 H 

31 

02A1H 

AE 

02E1H 

42 

0341 H 

82 

0381 H 

E3 



TL/F/8683-7 

FIGURE 9. 5 X 7 Character as Stored in ROM 
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Section 1 of COPS Software 


.CHIP 424C ;DEFINES COPS CHIP 

;THIS SECTION INITIALIZES THE RAM IN THE COPS BY LOADING A 
;2 IN THE MSB AND A 0 IN THE LSB LOCATIONS OF EACH CHARACTER. 
;IT ALSO STOPS THE CLOCK AND SETS THE POINTER AT THE FIRST 
;CHARACTER OF THE DISPLAY. 

RESET : CLRA 

LBI 3,15 ;L0ADS A 2 IN ALL 

JSR CLEAR2 ;MSB LOCATIONS 

LBI 2,15 ;LOADS A 2 IN ALL 

JSR CLEAR2 ;MSB LOCATIONS 

LBI 1,15 ;LOADS A 0 IN ALL 

JSR CLEAR ;LSB LOCATIONS 

LBI 0,15 ;LOADS A 0 IN ALL 

JSR CLEAR ;LSB LOCATIONS 

CLRA ;LOADS POINTER IN RAM 

XAD 1,15 ;MSB IN 1,0F 

CLRA 

AISC 15 ;LSB IN 1,0E 

XAD 1,14 

RC ;RESETS CARRY TO 

XAS ; STOP CLOCK 

JMP START 

CLEAR; CLRA jCLEARS REGISTORS 

XDS 0 
JMP CLEAR 
RET 

CLEAR2; CLRA ;PUTS A 2 IN REGISTORS 

AISC 02 
XDS 0 

JMP CLEAR2 
RET 

Section 2 of COPS Software 

;THIS SECTION OF CODE IS ONLY EXECUTED WHEN A NEW 
;CHARACTER HAS BEEN ENTERED. IF THE CHARACTER IS 
;A CONTROL CHARACTER, THE CURSOR IS MOVED ACCORDINGLY, 
JOTHERWISE THE CHARACTER IS STORED IN THE RAM OF THE COPS. 

;NEW CHARACTER HAS BEEN ENTERED 
NEW: LBI 1,0C ;DUMMY POINTER 

INL ;READS ASCII FROM 

XI S 0 ;DATA BUS 

X 0 

LDD 1,0D 

RC ;CHAR. MSB=0 THEN YES 

AISC 15 ;MSBO0 THEN NO 

JMP SPECIAL 
AISC 01 

LDD l.OE ;STORE ASCII IN RAM 

CAB 

LDD 1,0F 
XABR 

LDD 1,0C ;MSB IN 1,0C 

X 2 

LDD 1,0D ;LSB IN 1, OD 

X 0 
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Section 2 of COPS Software (Continued) 



JSR CURFOR 



LBI 0,01 

; SENDS INTERRUPT TO 


OBD 

; HOST. CHAR. IS 


LBI 0,0 
OBD 

JMP START 

; STORED IN RAM 


; SPECIAL CHARS. (CR, 

LF, CLEAR DISPLAY) 

CURFOR : 

LDD 1,0E 

;MOVES CURSOR FORWARD ONE 


COMP 

jSPACE. IF CURSOR IS 


AISC 01 

;MOVED BEYOND THE END OF 


JMP OK 

;DISPLAY, IT WRAPS AROUND 


AISC OF 

;T0 THE OTHER END. DATA IS 


XAD 1,0E 

;NOT DESTROYED BY MOVING 


CLRA 
AISC 01 
LBI 1,0F 
XOR 

JMP SKIP 

; CURSOR 

OK: 

COMP 


SKIP: 

LBI 1,0E 
X 0 
RET 


CURBAC : 

LDD 1,0F 

;MOVES CURSOR BACK ONE 


AISC 01 

{CHARACTER. DOES NOT 


JMP GOOD 

{DESTROY DATA AS IT IS MOVED 


LBI 1,0E 

{IF MOVED BEYOND THE 


CLRA 

{END OF THE DISPLAY IT 


AISC 01 

{WRAPS AROUND TO THE OTHER 


XOR 
X 0 

JMP START 

{END 

GOOD: 

XAD 1,0F 
JMP START 


SPECIAL : 

LDD 1,0C 

{CONTROL CHAR. HAS BEEN 


AISC 03 
JMP NOTRET 

{DETECTED 


JMP RESET 

{RETURN CLEARS DISPLAY, STARTS 
{PROGRAM OVER 

NOIRET : 

AISC 01 

{NOT RETURN, CHECK FOR CURSOR 


JMP CFOR 

{FORWARD 


JMP CURBAC 

{BY DEFAULT, CURSOR BACKWARDS 

CFOR: 

JSR CURFOR 
JMP START 

;DI SPLAY LOOP 
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Section 3 of COPS Software 


;THIS IS THE DISPLAY LOOP OF THE PROGRAM. UNLESS A NEW CHARACTER 
;HAS BEEN ENTERED AND IS BEING STORED, THE PROGRAM IS ALWAYS IN 
;THIS DISPLAY LOOP. IT LOOKS UP THE CHARACTER FONT, SHIFTS THE 
; CHARACTER DATA OUT THE SERIAL PORT AND CONTROLS THE GRID DRIVER. 

START: LBI 2,15 ;DISPLAY LOOP POINTER 

JSR HERE ;GOTO DISPLAY LOOP 

LBI 3,03 ;SECOND DISPLAY LOOP POINTER 

JSR HERE ;GOTO DISPLAY LOOP 

OGI 09 ;LOADS A 1 IN GRID DRIVER 

OGI OD 
OGI 09 

JMP START 


; CHECKS FOR NEW CHAR 


HERE ; RC 

ININ 
AISC 15 
JMP OLDCHR 
JMP NEW 

;DI SPLAY LOOP FOR OLD CHAR AND 
; LOOK UP 

OLDCHR: LD 2 ;LOOKS UP FIRST BYTE OF CHR.FONT 

JSR DATA4 ; 200H+ASCII VALUE 

AISC 06 .-ADDS OSH TO MSB OF ASCII 

JSR DATA2 ;LOOKS UP SECOND BYTE OF CHR FONT 

AISC OA ;ADDS OAH TO MSB OF ASCII 

JSR DATA2 ;LOOKS UP THIRD BYTE OF CHR. FONT 

JSR DATA3 ;LOOKS UP THIRD BYTE OF CHR. FONT 

; AT 300H+ASCII VALUE 

AISC 06 ;ADDS OSH TO MSB OF ASCII VALUE 

OGI 02 ;TURNS ON BLANKING CONTROL 

JSR DATA3 ;LOOKS UP LAST BYTE OF CHR. FONT 

;CLOCKS A 0 IN GRID DRIVER 

OGI OA ;ENABLE, BLANKING CONTROL 

OGI OE ;ENABLE, BLANKING CONTROL, CLOCK 

OGI OA ;ENABLE, BLANKING CONTROL 

OGI 00 ;A 0 SHIFTED IN 

LD 0 
XDS 2 
JMP HERE 
RET 

RIGHT: LBI 3,15 

CQMA 

JSR SHIFT 
X 0 

JSR SHIFT 
LEI 01 
LDD 3,14 
XABR 
LDD 3,13 
CAB 
LD 2 
RET 


;OUTPUTS A 
;NEW DATA 
;OUTPUTS A 
;COUNTER MODE 
;1,0 IN A 
;A IN BR 
;1,1 IN A 
;A IN BD 
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Section 3 of COPS Software (Continued) 

POINTER; 

LEI 01 

; COUNTER MODE 


XAS 

;A IN SIO 


XABR 

;BR IN A 


AISC 02 

;ADD 2 


XAD 3,14 

;A IN 1,0 


CBA 

;BD IN A 


XAD 3,13 

;A IN 1,1 


LBI 3,15 
XAS 

;SIO IN A 


LEI 08 
JMP RIGHT 

;SERIAL MODE 


SHIFTS OUT SERIAL 

PORT 

SHIFT: 

LEI 08 

;THIS ROUTINE SHIFTS THE DATA 


SC 

;FR0M THE SI/O REGISTER OUT 


XAS 

;THE SERIAL PORT WITH EACH 


NOP 

; CLOCK CYCLE 


NOP 



RC 



XAS 



RET 


. 

=0200 


DATA3 : 

LQID 

JMP RIGHT 


DATA4 : 

LQID 

JMP POINTER 


. 

=0300 


DATA3 : 

LQID 

JMP RIGHT 

Section 4 of COPS Software 

;THE CHARACTER FONTS FOR THE 

CHARACTERS WITH ASCII VALUES BETWEEN 

20H AND 5AH 

; HAVE BEEN STORED 

IN THIS SECTION OF THE PROGRAM. 



;DATA 

FOR 

FIRST 

2 BYTES OF EACH 




CHAR. 








.=0220 







WORD 

001, 

001, 

001, 

021, 

021 

, OCl, 

061, 

001 

WORD 

031, 

001, 

041, 

Oil, 

001 

, Oil, 

001, 

001 

WORD 

071, 

001, 

041, 

081, 

Oil 

, OEl, 

031, 

081 

WORD 

061, 

061, 

001, 

001, 

001 

, 021, 

001, 

041 

WORD 

071, 

031, 

081, 

071, 

081 

, OFl, 

OFl, 

071 

WORD 

OFl, 

081, 

081, 

OFl, 

OFl 

, OFl, 

OFl, 

071 

WORD 

OFl, 

071, 

OFl, 

061, 

081 

, OFl, 

OFl, 

OFl 

WORD 

OCl, 

OCl, 

081 
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Section 4 of COPS Software (Continued) 


;DATA 

FOR 

SECOND 2 BYTES OF EACH 


; CHAR 






.=0280 





.WORD 

000, 

000 

OCl 

0F9, 

0A4, 095 

02D, 000 

.WORD 

088, 

000 

054 

020, 

000, 020 

000, 014 

.WORD 

OID, 

082 

003 

005, 

058, 045 

OAC, 001 

.WORD 

02D, 

023 

000 

000, 

020, 058 

001, 001 

.WORD 

OOD, 

OAE 

0F3 

OOD, 

0F3, 02F 

02F, OOD 

.WORD 

02E, 

003 

OOD 

02E, 

OOE, 08E 

08E, OOD 

.WORD 

02F, 

OOD 

02F 

025, 

001, OOC 

008, OOC 

.WORD 

056, 

040 

017 





;THIRD 2 BYTES 

OF DATA FOR EACH CHAR. 


.=0200 





.WORD 

000, 

0E3 

000 

OAC, 

OFB, 040 

0A5, 083 

.WORD 

OOA, 

002 

0F3 

OFl, 

034, 040 

008, 040 

.WORD 

046, 

0F7 

02E 

046, 

021, 086 

046, 02E 

.WORD 

046, 

046 

OAO 

0B4, 

OAO, OAO 

015, 022 

.WORD 

0E6, 

042 

04E 

006, 

OOE, 046 

042, 046 

.WORD 

040, 

0F7 

006 

OAO, 

004, 080 

OEO, 006 

.WORD 

042, 

026 

062 

046, 

0F3, 004 

008, 034 

.WORD 

040, 

070 

046 





;FOURTH TWO BYTES OF 

DATA FOR 

EACH CHAR. 


.=0320 





.WORD 

000, 

008 

007 

0F7, 

OAA, 031 

028, 000 

.WORD 

008, 

02A 

049 

080, 

000, 080 

000, 001 

.WORD 

OLD, 

018 

09C 

09D, 

0F7, OID 

09C, 084 

.WORD 

09C, 

OAC 

000 

000, 

022, 041 

041, 08C 

.WORD 

ODC, 

082 

09C 

OIC, 

OIC, 09C 

084, 09C 

.WORD 

080, 

OIC 

OEF 

022, 

018, 002 

020, OIC 

.WORD 

084, 

02C 

0A4 

09C, 

OOC, 018 

028, 010 

.WORD 

041, 

009 

OID 





;LAST 

BYTES OF 

DATA 

FOR EACH CHAR. 


.=0380 





.WORD 

000, 

000 

000 

082, 

084, 064 

OAO, 000 

.WORD 

000, 

083 

044 

001, 

000, 001 

000, 004 

.WORD 

0C7, 

020 

026 

OCC, 

080, 0C9 

0C8, OOE 

.WORD 

0C6, 

087 

000 

000, 

028, 082 

001, 006 

.WORD 

027, 

0E3 

0C6 

044, 

0C7, 028 

008, 0C5 

.WORD 

OEF, 

028 

008 

028, 

020, OEF 

OEF, 0C7 

.WORD 

006, 

0A7 

026 

0C4, 

008, OCF 

08F, OCF 

.WORD 

06C, 

OOC 

02C 




.END 
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National 

Semiconductor 


Memory Support 


MOS memory devices today can be found in a variety of 
configurations, giving design engineers more flexibility than 
ever before. National Semiconductor offers a variety of key 
devices that will allow a user to easily implement memory 
designs which meet his or her particular requirements. 
National’s memory support circuits include clock drivers, 4k 
and 16k RAM address drivers, data I/O circuits, and timing 
and control drivers. Further information on the specific de- 
vice types may be found in application note AN-76, “Apply- 
ing Modern Clock Drivers to MOS Memories". 


In addition to memory support applications, this family of 
products provides the versatility of general use in typical 
applications including level translation of TTL/CMOS input 
levels to high voltage (24V) outputs with high capacitive 
(1000 pF) drive, power drivers, relay driver and sense ampli- 
fier. Detailed features/function of this series of drivers are 
highlighted in the following product guide. 


Memory Support 




Memory Support Circuits 



National 

Semiconductor 


Memory Support Circuits 


Temperature Range 

Driver/ 

TRI-STATE®/ 

Output High 

Propagation 

Capacitive 

Supply 

Page 

0°Cto +70X 

-55Xto +125°C 

Package 

Strobed 

Voltage (V) 

Delay Typ. (ns) 

Load (PS) 

Current (mA) 

No. 

DP84240 


8 

TRI-STATE 

5.5 

20 

500 

■H 

5-5 

DP84244 


8 

TRI-STATE 

5.5 

20 

500 


5-5 

DS0025C 


2 


20 

25 

1000 


5-10 

DS0026C 

DS0026 

2 


20 

7.5 

1000 

80 

5-14 

DS0056C 

DS0056 

2 


20 

7.5 

1000 

80 

5-14 

DS3245 


4 

STROBED 

12 

11 

200 

30 

5-22 

DS3628 

DS1628 

8 

TRI-STATE 

5.5 

6.5 

500 

120 

5-25 

DS3647A 


4 

TRI-STATE 

5.5 

8 

50 

140 

5-28 

DS3648 

DS1648 

4 

TRI-STATE 

5.5 

9 

500 

60 

5-34 

DS3678 

DS1678 

4 

TRI-STATE 

5.5 

9 

500 

60 

5-34 

DS3649 

DS1649 

6 

TRI-STATE 

5.5 

8 

500 

75 

5-39 

DS3679 

DS1679 

6 

TRI-STATE 

5.5 

8 

500 

75 

5-39 

DS3651 

DS1651 

4 

STROBED 

5.5 

23 

50 

60 

5-43 

DS3674 

DS1674 

4 

STROBED 

12 

13 

400 

40 

5-49 

DS36149 

DS16149 

6 

STROBED 

5.5 

13 

500 

60 

5-54 

DS36179 

DS16179 

6 

STROBED 

5.5 

13 

500 

60 

5-54 

DS75325 

DS55325 

4 


24 

25 

25 

70 

5-58 

DS75361 


2 

STROBED 

24 

11 

390 

24 

5-71 

DS75365 


4 

STROBED 

24 

31 

200 

47 

5-76 

DS9643/ 

JLIA9643 


2 

STROBED 

12 

9 

300 

19 

5-81 
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National 
4Hm Semicon 


MM Semiconductor 

DP84240/DP84244 Octal TRI-STATE® MOS Drivers 


General Description 

The DP84240 and DP84244 are octal TRI-STATE drivers 
which are designed for heavy capacitive load applications 
such as fast data buffers or as memory address drivers. The 
DP84240 is an inverting driver which is pin-compatible with 
both the 74S240 and AM2965. The DP84244 is a non-in- 
verting driver which is pin-compatible with the 74S244 and 
AM2966. These parts are fabricated using an oxide isolation 
process, for much faster speeds, and are specified for 
250 pF and 500 pF load capacitances. 


Features 

■ tpd specified with 250 pF and 500 pF loads 

■ Output specified from 0.8V to 2.7V 

■ Designed for symmetric rise and fall times at 500 pF 

■ Outputs glitch free at power up and power down 

■ PNP inputs reduce DC loading on bus lines 

■ Low static and dynamic input capacitance 

■ Low skew times between edges and pins 

■ AC parameters specified with all outputs switching 
simultaneously 


Connection Diagram 


Truth Table 



Top View 

Order Number DP84240J or DP84240N 
See NS Package Numbers J20A or N20A 


Inputs 

G 

A 

Outputs 

Y 

H 

X 

Z 

L 

L 

H 

L 

H 

L 

H = High Level 
L = Low Level 
X = Don’t Care 
Z = High Impedance 




Top View 

Order Number DP84244J or DP84244N 
See NS Package Numbers J20A or N20A 


Inputs 
G A 

Outputs 

Y 

H X 

Z 

L L 

L 

L H 

H 
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DP84240/DP84244 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availabiiity and specifications. 

Supply Voltage, Vcc 7.0V 

Logical “1” Input Voltage 7.0V 

Logical “0” Input Voltage - 1 ,5V 

Storage Temperature Range -65°C to + 150°C 

Power Dissipation 

Cavity Package 1 1 50 mW 

Molded Package 1 300 mW 

Lead Temperature (soldering, 10 sec.) 300°C 


Operating Conditions 

Min 

Vcc Supply Voltage 4.5 

T A Ambient Temperature 0 


Electrical Characteristics vcc = sv ±io%,o ^ ta ^ 70 '“c. (Notes 2 and 3.) 


Symbol 


llN(O) 


VCLAMP 


Vqh 


Conditions 



Logical “1 ” Input Voltage 


Logical "0” Input Voltage 


Logical “1 ” Input Current 


Logical "0" Input Current 


Input Clamp Voltage 


Logical “1” Output Voltage 


Logical “0” Output Voltage 


Logical “1 ” Drive Current 


Logical “0” Drive Current 


TRI-STATE Output Current 


Supply Current 
DP84240 




Iqh = -100 jaA 
Iqh = — 1 mA 


Iql = 10 M 
Iql = 12 mA 


Vqut = 1 -5V 


Vqut = 1-5V 


0.4V ^ Vqut ^ 2.7V 


All Outputs Open 
All Outputs High 
All Outputs Low 
All Outputs Hi-Z 


All Outputs High 
All Outputs Low 
All Outputs Hi-Z 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages referenced to ground unless otherwise noted. 
All values shown as max. or min. are on an absolute value basis. 

Note 3: Typical characteristics are taken at Vcc = 5.0V and Ta = 25”C. 

Note 4: The output-to-output skew is primarily a function of the number of outputs switching and the capacitive loading on those outputs. See Figures 5 and 6 for 
the switching time variations. 











































































Switching Characteristics Vcc = 5V ±10%, 0 ^ Ta ^ 70°C, all outputs loaded with specified load capaci- 
tance and all eight outputs switching simultaneously. (Note 3.) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Propagation Delay from 

Figures 1 & 3 

CL = 250 pF 

g 

16 

27 



LOW-to-HIGH Output 


Cl = 500 pF 

10 

20 

33 


tpHL 

Propagation Delay from 


Cl = 250 pF 

9 

16 

25 

ns 


HIGH-to-LOW Output 


Cl = 500 pF 

12 

20 

31 

tpLZ 

Output Disable Time from LOW 

Figures 2&4,S= 1 , C|_ = 50 pF 


11 

24 

ns 

tpHZ 

Output Disable Time from HIGH 

Figures 2 & 4, S = 2, Cl = 50 pF 


12 

24 

ns 

tpZL 

Output Enable Time to LOW 

Figures 2 &. 4, S = 1, Cl = 500 pF 


30 

45 

ns 

tpZH 

Output Enable Time to HIGH 

Figures 2 &L 4, S = 2, Cl = 500 pF 


23 

35 

ns 

tSKEW 

Output-to-Output Skew (Note 4) 

Figures / & 5, Cl = 500 pF 


3 


ns 


Capacitance ta = 25 °c,f = i mhz,vcc = sv ±10%. (Note 3.) 


Parameter 

Conditions 

Typ 

Units 

C|N 

All Other Inputs Tied Low 

6 

pF 

Cqut 

Output in TRI-STATE Mode 

20 

pF 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to impiy that the devices shouid be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages referenced to ground unless otherwise noted. 
All values shown as max. or min. are on an absolute value basis. 

Note 3: Typical characteristics are taken at Vcc = 5.0V and Ta = 25“C. 

Note 4; The output-to-output skew is primarily a function of the number of outputs switching and the capacitive loading on those outputs. See Figures 5 and 6 for 
the switching time variations. 



DP84240/DP84244 





































































Switching Test Circuits 


vcc 



•Cl includes probe and jig capacitances 

FIGURE 1 . Capacitive Load Switching FIGURE 2. TRI-STATE Enable/Disable 


Typical Switching Characteristics 


Voltage Waveforms 


ENABLE 

INPUT 



tpw=200ns 


3.0V 

OV 


VOL 

OV 



TL/F/5219-5 


TL/F/5219-6 


FIGURE 3. Output Drive Levels 


FIGURE 4. TRI-STATE Control Levels 



10 20 30 40 

IPLH (NS) 


TL/F/5219-7 



FIGURE 5. tpLH Measured to 2.7V on Output vs. Cl FIGURE 6. tpHL Measured to 0.8V on Output vs. Cl 




Typical Switching Characteristics (Continued) 



FIGURE 7. Typical Power Dissipation for DP84240 at 
Vcc = 5.5V (All 8 drivers switching simultaneously) 



0 1.0 2.0 3.0 4.0 5.0 

f-FREQUENCY (MH:) 


TL/F/5219-10 

FIGURE 8. Typical Power Dissipation for DP84244 at 
Vcc = 5.5V (All 8 drivers switching simultaneously) 


Typical Application 

DP84244 used as a buffer in a large memory array (greater than 88 dynamic RAMs) 



UP TO 72 
BIT 

OATA BUS 


TL/F/5219-11 
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DS0025C 


National 

Semiconductor 


PRELIMINARY 


DS0025C Two Phase MOS Clock Driver 


General Description 


The DS0025C is a monolithic, low cost, two phase MOS 
clock driver that is designed to be driven by TTL line drivers 
or buffers such as the DS8830 or DM7440. Two input cou- 
pling capacitors are used to perform the level shift from TTL 
to MOS logic levels. Optimum performance in turn-off delay 
and fall time are obtained when the output pulse is logically 
controlled by the input. However, output pulse width may be 
set by selection of the input capacitor eliminating the need 
for tight input pulse control. 


Features 

■ 8-lead TO-5 or 8-lead or 14-lead dual-in-line package 

■ High Output Voltage Swings — up to 25V 

■ High Output Current Drive Capability — up to 1 .5A 

■ Rep. Rate: 1.0 MHz into > 1000 pF 

■ Driven by DS8830, DM7440 

■ “Zero” Quiescent Power 


Connection Diagrams 


Metal Can Package 


OUTPUT A OUTPUTS 


INPUTAIJ)-' •-€ 5 1 INPUTS 


Note: Pin 4 connected to case. 

Top View 

Order Number DS0025CH 
See NS Package Number H08C 


Dual-ln-Llne Package 



TL/F/5052-2 

Top View 

Order Number DS0025CJ-8 
or DS0025CN 

See NS Package Number J08A or N08E 


Dual-In-Line Package 

V* NC OUTS NC INB NC NC 



Top View 

Order Number DS0025CJ 
See NS Package Number J14A 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(V+ - V~)Voltage Differential 25V 

Input Current 100 mA 

Peak Output Current 1 ,5A 

Storage Temperature -65°Cto +150°C 

Operating Temperature 0°Cto +85°C 

Lead T emperature (Soldering. 1 0 sec) 300°C 


Recommended Operating 
Conditions 

V+ V“ Differential Voltage 20V 

Min Max 

Temperature 0 70 

Maximum Power Dissipation* at 25°C 
8-Pin Cavity Package 1 1 50 mW 

1 4-Pin Cavity Package 1410 mW 

Molded Package 1080mW 

Metal Can (TO-5) Package 670 mW 

* Derate 8-pin cavity package 7.8 mW/°C above 25°C; de- 
rate 14-pin cavity package 9.5 mW/°C above 25°C; derate 
molded package 8.7 mW/'C above 25°C; derate metal 
can (TO-5) package 4.5 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) See test circuit. 


Conditions 


C|M = 0.001 p.F, R|n = Oft, C[_ = 0.001 juF 


C|N = 0.001 p,F, R|(\i = Oft, C|_ = 0.001 jaF 


C|N = 0.001 fi.F, R(fv| = Oft, C|_ = 0.001 p,F 


Symbol 

Parameter 

tdON 

Turn-On Delay Time 

tpiSE 

Rise Time 

tdOFF 

Turn-Off Delay Time 

tFALL 

Fall Time 

PW 

Pulse Width (50% to 50%) 

-1- 

O 

> 

Positive Output Voltage Swing 

Vo- 

Negative Output Voltage Swing 


(Note 4) 


(Note 5) 


(Note 4) 


C|N = 0.001 p,F, R|f,( = Oft, 
C|_ = 0.001 p,F 


C|N = 0.001 jaF, R|(v| = Ofl, 
Cl = 0.001 jiF (Note 5) 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to imply that the devices shouid be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the O'C to 70°C range for the DS0025C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. Aii vaiues shown 
as max or min on absolute value basis. 

Note 4: Parameter values apply for clock pulse width determined by input pulse width. 

Note 5; Parameter values tor input width greater than output ciock puise width. 


Typ 

Max 

Units 

15 

30 

ns 

25 

50 

ns 

30 

60 

ns 

90 

120 

ns 

150 

250 

ns 

500 


ns 

V+-0.7V 


V 

V-+0.7V 

V- + 1.5V 

V 


Timing Diagram 


A. Input pulse width 
> clock pulse 
width 



B. Input pulse width 
sets clock pulse 
width 

Clock pulse .. 

output 

Input waveform: 

PRR = 0.5 MHz 
Vp.p = 5.0V 
tf = tf ^ 10 ns 
Pulse width; 

A. 1.0 /iS 

B. 200 ns 


^ = 

t 90% 


r 


V,N 

~ td ON 


Id OFF 

10% 

10% y 

L 

50% 

50%/ 


r*— PW 


VoUT 

\ 90% 90% 4 


trise H 

— — 'fall 
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Typical Application 



TL/F/5852-4 


AC Test Circuit 



Typical Performance 


Transient Power vs Rep. Rate 



0 .S 1.0 1.5 2.0 

PULSE REPETITION RATE (MHi) 


TL/F/S852-7 

Pac = (V+-V-)2|Cl 


DC Power (Pdc) vs Duty Cycle 



10 20 30 40 SO 60 70 05 


DUTY CYCLE (%) 

V + -V-)2 (DC) 


Pdc = 


Maximum Load Capacitance 



0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
FREQUENCY (MHz) 

TL/F/5852-9 

_ , (Pmax) (1k)-(V+ - V-)2 (DC) , (I„k) (V) 
(f)(1k)(V+ - V-)2 V+-V- 


Output PW Controlled by C|n 



200 600 1000 1400 1800 2200 


CiN (PF) 


'max = P®ak Current delivered by driver 


Vbe 


0.6 


TL/F/5852-10 


I 







Applications Information 

Circuit Operation 

Input current forced into the base of Qi through the cou- 
pling capacitor Cin causes Qi to be driven into saturation, 
swinging the output to V~ + '^CE(saO + Voiode- 
When the input current has decayed, or has been switched, 
such that Qi turns off, Q 2 receives base drive through R 2 , 
turning Q 2 on. This supplies current to the load and the 
output swings positive to V + -Vbe- 



TL/F/5852-11 

FIGURE 1. DS0025 Schematic (One-Half Circuit) 

It may be noted that Qi must switch off before Q 2 begins to 
supply current, hence high internal transients currents from 
V~ to V+ cannot occur. 

Fan-Out Calculation 

The drive capability of the DS0025 is a function of system 
requirements, i.e. speed, ambient temperature, voltage 
swing, drive circuitry, and stray wiring capacity. 

The following equations cover the necessary calculations to 
enable the fan-out to be calculated for any system condi- 
tion. 

Transient Current 

The maximum peak output current of the DS0025 is given 
as 1 .5A. Average transient current required from the driver 
can be calculated from: 


I Cl(V+-V-) 

V 

Typical rise times into 1000 pF load is 25 ns. For V+ 
= 20V, I = 0.8A. 



Transient Output Power 

The average transient power (Rgc) dissipated, is equal to 
the energy needed to charge and discharge the output ca- 
pacitive load (CJ multiplied by the frequency of operation 

(f). 

Pac = CLX(V+-V-)2xf (2) 

For V+ - V- = 20V, f = 1.0 MHz, Cl = 1000 pF, Pac = 
400 mW. 

Internal Power 

“0" state Negligible (<3 mW) 

“1” State 

(V+-V-)2 

Pint = — a — ~ ^ (3) 

M2 

= 80mWforV+-V- = 20V, DC = 20% 

Package Power Dissipation 

Total average power = transient output power -I- internal 
power. 

Example Calculation 

How many MM506 shift registers can be driven by a 
DS0025CN driver at 1 MHz using a clock pulse width of 200 
ns, rise time 30-50 ns and 1 6V amplitude over the tempera- 
ture range 0°-70°C? 

Power Dissipation: 

At 70°C the DS0025CN can dissipate 870 mW when sol- 
dered into printed circuit board. 

Transient Peak Current Limitation: 

From equation (1), it can be seen that at 16V and 30 ns, the 
maximum load that can be driven is limited to 2800 pF. 
Average Internal Power: 

Equation (3), gives an average power of 50 mW at 16V and 
a 20% duty cycle. 

For one-half of the DS0025C, 870 mW 2 can be dissipat- 
ed. 

435 mW = 50 mW + transient output power. 

385 mW = transient output power. 

Using equation (2) at 16V, 1 MHz and 350 mW, each half of 
the DS0025CN can drive a 1367 pF load. This is less than 
the load imposed by the transient current limitation of equa- 
tion (1) and so a maximum load of 1367 pF would prevail. 
From the data sheet for the MM506, the average clock 
pulse load is 80 pF. Therefore the number of devices driven 
is 1367/80 or 17 registers. 

For further information please refer to National. Semicon- 
ductors Application Note AN-76. 
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DS0026/DS0056 


National 

Semiconductor 

DS0026/DS0056 5 MHz Two Phase MOS Clock Drivers 


General Description 

DS0026/DS0056 are low cost monolithic high speed two 
phase MOS clock drivers and interface circuits. Unique cir- 
cuit design provides both very high speed operation and the 
ability to drive large capacitive loads. The device accepts 
standard TTL outputs and converts them to MOS logic lev- 
els. They may be driven from standard 54/74 series and 
54S/74S series gates and flip-flops or from drivers such as 
the DS8830 or DM7440. The DS0026 and DS0056 are in- 
tended for applications in which the output pulse width is 
logically controlled: i.e., the output pulse width is equal to 
the input pulse width. 

The DS0026/DS0056 are designed to fulfill a wide variety of 
MOS interface requirements. As a MOS clock driver for long 
silicon-gate shift registers, a single device can drive over 
10k bits at 5 MHz. Six devices provide input address and 
precharge drive for a 8k by 16-bit 1103 RAM memory sys- 
tem. Information on the correct usage of the DS0026 in 
these as well as other systems is included in the application 
note AN-76. 

The DS0026 and DS0056 are identical except each driver in 
the DS0056 is provided with a Vbb connection to supply a 
higher voltage to the output stage. This aids in pulling up the 


Connection Diagrams (Top Views) 

TO-5 Package Dual-ln-Line Package 


NC OUT A OUTB 


output when it is in the high state. An external resistor tied 
between these extra pins and a supply higher than V+ will 
cause the output to pull up to (V+ - 0.1V) in the off state. 
For DS0056 applications, it is required that an external re- 
sistor be used to prevent damage to the device when the 
driver switches low. A typical VgB connection is shown on 
the next page. 

These devices are available in 8-lead TO-5, one watt copper 
lead frame 8-pin mini-DIP, and one and a half watt ceramic 
DIP, and TO-8 packages. 

Features 

■ Fast rise and fall times— 20 ns 1000 pF load 

■ High output swing — 20V 

■ High output current drive— ±1.5 amps 

■ TTL compatible inputs 

■ High rep rate — 5 to 10 MHz depending on power dissi- 
pation 

■ Low power consumption in MOS “0” state — 2 mW 

■ Drives to 0.4V of GND for RAM address drive 


TO-8 Package 


Dual-ln-Line Package 





Note: Pin 4 connected to case. nc i" * v in b 

Order Number tl/f/5853-2 

DS0026H or DS0026CH Order Number DS0026CJ-8, 


See NS Package 
Number H08C 

TO-5 Package 

V* 


or DS0026CN 
See NS Package Number 
J08A or N08E 


TL/F/5853-3 

Order Number 
DS0026G or DS0026CG 
See NS Package 
Number G12C 


TL/F/5853-4 

Order Number 
DS0026J or DS0026CJ 
See NS Package 
Number J14A 


Dual-ln-Line Package 

OUTA V* VesB OUTB 


Dual-ln-Line Package 



Note: Pin 4 connected to case. 

Order Number 
DS0056H or DS0056CH 
See NS Package 
Number H08C 




V,,» INA V INB 

TL/F/5853-6 

Order Number DS0056J-8, 
DS0056CJ-8 or DS0056CN 
See NS Package Number 
J08A or N08E 


TL/F/5853-7 

Order Number DS0056J 
or DS0056CJ 

See NS Package Number J14A 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

V+ - V“ Differential Voltage 22V 

Input Current 100 mA 

Input Voltage {V|n - V“) 5.5V 

Peak Output Current 1 ,5A 

Maximum Power Dissipation* at 25°C 
Cavity Package (8-Pin) 1 1 50 mW 

Cavity Package (1 4-Pin) 1 380 mW 

Eiectrical Characteristics (Notes 2 and 3) 


Conditions 


V- = ov 


V|N - V- = 2.4V 


- = OV 


V|N - V- = OV 


Molded Package 
Metal Can (TO-5) 

Operating Temperature Range 
DS0026, DS0056 
DS0026C, DS0056C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


1040 mW 
660 mW 

-55°Cto +125°C 
0°C to 4- 70°C 
-65°Cto +150°C 
300*C 


• Derate 8-pin cavity package 7.7 mW/“C above 25°C; derate 14-pin cavity 
package 9.3 mW/°C above 25“C; derate moided package 8.4 mW/“C 
above 25'C; derate metal can (TO-5) package 4.4 mW/°C above 25°C. 


Symbol 

Parameter 

V|H 

Logic “1” Input Voltage 

l|H 

Logic “1" Input Current 

V|L 

Logic “0” Input Voltage 

l|L 

Logic “0” Input Current 

VoL 

Logic “1” Output Voltage 

VOH 

Logic “0" Output Voltage 

•CC(ON) 

“ON" Supply Current 
(one side on) 

ICC(OFF) 

“OFF” Supply Current 



lOH = - 1 mA 


V+ - V- = 20V, V|N - V- = 2.4V 
(Note 6) 


V+ - V- = 20V, 
V|N - V- = OV 


Switching Characteristics (Ta = 25*0 (Notes 5 and?) 


Symbol 


tON 


DS0026 


DS0056 


70“C 


125°C 



Parameter 

Conditions 

Turn-On Delay 

(Figure 1) 


(Figure 2) 

Turn-Off Delay 

(Figure 1) 


(Figure 2) 

Rise Time 

(Figure 1), 

Cl = 500 pF 


(Note 5) 

Cl = 1000 pF 


(Figure 2), 

Cl = 500 pF 


(Note 5) 

Cl = 1000 pF 

Fall Time 

(Figure 1), 

Cl = 500 pF 


(Note 5) 

Cl = 1000 pF 


(Figure 2), 

Cl = 500 pF 


(Note 5) 

Cl = 1000 pF 



Max 

Units 

12 

ns 


ns 

15 

ns 


ns 

18 

ns 

35 

ns 

40 

ns 

50 

ns 

16 

ns 

25 

ns 

35 

ns 

40 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to impiy that the devices should be operated at these limits. The table of “Electrical Characteristics provides conditions for actual device 
operation. 

Note 2; These specifications apply for V+ - V“ = 1 0V to 20V, Cl = 1 000 pF, over the temperature range of - 55°C to -I- 1 25°C for the DS0026, DS0056 and 
0°C to -H70°C for the DS0026C, DS0056C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: All typical values for T^ = 25”C. 

Note 5: Rise and fall time are given for MOS logic levels; i.e., rise time is transition from logic “0” to logic “1" which is voltage fall. 

Note 6: Ibb for DS0056 is approximately (Vbb ~ V-)/1 kfl (for one side) when output is low. 

Note 7: The high current transient (as high as 1 .5A) through the resistance of the internal interconnecting V“ lead during the output transition from the high state to 
the low state can appear as negative feedback to the input, if the external interconnecting lead from the driving circuit to V~ is electrically long, or has significant dc 
resistance, it can subtract from the switching response. 
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DS0026/DS0056 


Typical Vbb Connection 


L V* ■= +5V L 

I 


Typical Performance Characteristics 


Input Current vs Input Voltage 



-I.Q-0.5 0 OS 1.0 1.5 2.0 2.5 
INPUT VOLTAGE (V) 


Supply Current vs Temperature 


DUTY CYCLE • 20% _ 
I > 1 MHl I 1 ' 

•o c,=o H — h 


-75 -50 -25 0 25 50 75 100 125 

TEMPEdATURE ( C) 


Turn-On and Turn-Off Delay 
vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 


Rise Time vs Load 
Capacitance 


Fall Time vs Load 
Capacitance 


[AC TEST circuit! 
(FIGURE 2) 1 


PAC TEST CIRCUIT 
(FIGURE 2) 


AC TEST CIRCUIT 
(FIGURE II 


.AC TEST CIRCUIT. 
(FIGURE 1) 


0 200 400 600 000 1000 1200 

LOAD CAPACITANCE IgFI 


0 200 400 600 SOD 1000 1200 

LOAD CAPACITANCE (pFI 


Recommended Input Coding 
Capacitance 



i PULSE (FIGURE 2) 




^H||pi 

mm 

mm\ 


100 200 300 400 500 600 700 800 
OUTPUT PULSE WIDTH (ns| 


DC Power (Ppc) vs 
Duty Cycle 


iuk: 

mzm\ 
pmsiil 



0 10 20 30 40 50 60 70 80 

DUTY CYCLE (%l 






Schematic Diagrams 


1/2 DS0026 
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DS0026/DS0056 


AC Test Circuits and Switching Time Waveforms 



c,N , L , '"f 

xwpF I I -i- ri- 


— Lr>o— I— 

^ y* '\1000 pF 

I .. 




l-^ toN 



Typicai Applications 


AC Coupled MOS Clock Driver 


DC Coupled RAM Memory Address or Precharge 
Driver (Positive Supply Only) 


^lO — i: 


I TWO PHASE CLK 

> TO SHIFT 



TO ADDRESS 
LINES DN 
MEMORY SYSTEM 


Application Hints 

DRIVING THE MM5262 WITH THE 
DS0056 CLOCK DRIVER 

The clock signals for the MM5262 have three requirements 
which have the potential of generating problems for the 
user. These requirements, high speed, large voltage swing 
and large capacitive loads, combine to provide ample op- 
portunity for inductive ringing on clock lines, coupling clock 
signals to other clocks and/or inputs and outputs and gen- 
erating noise on the power supplies. All of these problems 


have the potential of causing the memory system to mal- 
function. Recognizing the source and potential of these 
problems early in the design of a memory system is the 
most critical step. The object here is to point out the source 
of these problems and give a quantitative feel for their mag- 
nitude. 
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Application Hints (Continued) 

Line ringing comes from the fact that at a high enough fre- 
quency any line must be considered as a transmission line 
with distributed inductance and capacitance. To see how 
much ringing can be tolerated we must examine the clock 
voltage specification. Figure 6 shows the clock specifica- 
tion, in diagram form, with idealized ringing sketched in. The 



*Vt(mini ■ Minimum threshold voltage. 


FIGURE 6. Clock Waveform 


ringing of the clock about the Vss level is particularly critical. 
If the Vss ~ 1 VoH is not maintained, at a// times, the infor- 


mation stored in the memory could be altered. Referring to 
Figure 1, if the threshold voltage of a transistor were - 1 .3V, 
the clock going to Vss “ 1 would mean that all the devices, 
whose gates are tied to that clock, would be only 300 mV 
from turning on. The internal circuitry needs this noise mar- 
gin and from the functional description of the RAM it is easy 
to see that turning a clock on at the wrong time can have 
disastrous results. 

Controlling the clock ringing is particularly difficult because 
of the relative magnitude of the allowable ringing, compared 
to magnitude of the transition. In this case it is IV out of 20V 
or only 5%. Ringing can be controlled by damping the clock 
driver and minimizing the line inductance. 

Damping the clock driver by placing a resistance in series 
with its output is effective, but there is a limit since it also 
slows down the rise and fall time of the clock signal. Be- 
cause the typical clock driver can be much faster than the 
worst case driver, the damping resistor serves the useful 
function of limiting the minimum rise and fall time. This is 
very important because the faster the rise and fall times, the 
worse the ringing problem becomes. The size of the damp- 


I I INPI 



FIGURE 7. Schematic of 1/2 DS0056 
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Application Hints (Continued) 

ing resistor varies because it is dependent on the details of 
the actual application. It must be determined empirically. In 
practice a resistance of 10H to 20fl is usually optimum. 
Limiting the inductance of the clock lines can be accom- 
plished by minimizing their length and by laying out the lines 
such that the return current is closely coupled to the clock 
lines. When minimizing the length of clock lines it is impor- 
tant to minimize the distance from the clock driver output to 
the furthest point being driven. Because of this, memory 
boards are usually designed with clock drivers in the center 
of the memory array, rather than on one side, reducing the 
maximum distance by a factor of 2. 

Using multilayer printed circuit boards with clock lines sand- 
wiched between the Vqq and Vss power plains minimizes 
the inductance of the clock lines. It also serves the function 
of preventing the clocks from coupling noise into input and 
output lines. Unfortunately multilayer printed circuit boards 
are more expensive than two sided boards. The user must 
make the decision as to the necessity of multilayer boards. 
Suffice it to say here, that reliable memory boards can be 
designed using two sided printed circuit boards. 

The recommended clock driver for use with the MM4262/ 
MM5262 is the DS0056/DS0056C dual clock driver. This 
device is designed specifically for use with dynamic circuits 
using a substrate, Vbb. supply. Typically it will drive a 1000 
pF load with 20 ns rise and fali times. Figure 7 shows a 
schematic of a single driver. 

In the case of the MM5262, V+ is a -I-5V and Vbb 'S 
-I- 8.5V. Vbb should be connected to the Vbb P'n shown in 
F/^i/Ae 7 through a 1 kft resistor. This allows transistor Q8 to 





saturate, pulling the output to within a Vce(SAT) of the V+ 
supply. This is critical because as was shown before, the 
Vss “ "• -OV clock level must not be exceeded at any time. 
Without the Vbb PuH up on the base of Q8 the output at best 
will be 0.6V below the V+ supply and can be IV below the 
V+ supply reducing the noise margin on this line to zero. 
Because of the amount of current that the clock driver must 
supply to its capacitive load, the distribution of power to the 
clock driver must be considered. Figure 8 gives the ideal- 
ized voltage and current waveforms for a clock driver driving 
a 1000 pF capacitor with 20 ns rise and fall time. 

As can be seen the current is significant. This current flows 
in the Vdd and Vss power lines. Any significant inductance 
in the lines will produce large voltage transients on the pow- 
er supplies. A bypass capacitor, as close as possible to the 
clock driver, is helpful in minimizing this problem. This by- 
pass is most effective when connected between the Vss 
and Vdd supplies. A bypass capacitor for each DS0056 is 
recommended. The size of the bypass capacitor depends 
on the amount of capacitance being driven. Using a low 
inductance capacitor, such as a ceramic or silver mica, is 
most effective. Another helpful technique is to run the Vdd 
and Vss lines, to the clock driver, adjacent to each other. 
This tends to reduce the lines inductance and therefore the 
magnitude of the voltage transients. 

While discussing the clock driver, it should be pointed out 
that the DS0056 is a relatively low input impedance device. 
It is possible to couple current noise into the input without 
seeing a significant voltage. Since the noise is difficult to 
detect with an oscilloscope it is often overlooked. 

Lastly, the clock lines must be considered as noise genera- 
tors. Figure 9 shows a clock coupled through a parasitic 
coupling capacitor, Cc, to eight data input lines being driven 
by a 7404. A parasitic lumped line inductance, L, is also 
shown. Let us assume, for the sake of argument, that Cq is 
1 pF and that the rise time of the clock is high enough to 
completely isolate the clock transient from the 7404 be- 
cause of the inductance, L. 



FIGURE 9. Clock Coupling 

With a clock transition of 20V the magnitude of the voltage 
generated across Cl is: 

V = 20V X ^ = 20V X I — !— ) = 0.35V 

Cl + Cc \56 -I- 1 / 

This has been a hypothetical example to emphasize that 
with 20V low rise/fall time transitions, parasitic elements 
can not be neglected. In this example, 1 pF of parasitic 
capacitance could cause system malfunction, because a 
7404 without a pull up resistor has typically only 0.3V of 


FIGURE 8. Clock Waveforms (Voltage and Current) 


5-20 





Application Hints (Continued) 

noise margin in the “1 ’’ state at 25°C. Of course it is stretch- 
ing things to assume that the inductance, L, completely iso- 
lates the clock transient from the 7404. However, it does 
point out the need to minimize inductance in input/output as 
well as clock lines. 

The output is current, so it is more meaningful to examine 
the current that is coupled through a 1 pF parasitic capaci- 
tance. The current would be: 


, ^ AV 1 X 10-12 X 20 , . 

~ ^ At ~ 20 X 10-9 “ 


This exceeds the total output current swing so it is obviously 
significant. 


Clock coupling to inputs and outputs can be minimized by 
using multilayer printed circuit boards, as mentioned previ- 
ously, physically isolating clock lines and/or running clock 
lines at right angles to input/output lines. All of these tech- 
niques tend to minimize parasitic coupling capacitance from 
the clocks to the signals in question. 

In considering clock coupling it is also important to have a 
detailed knowledge of the functional characteristics of the 
device being used. As an example, for the MM5262, cou- 
pling noise from the <f>2 clock to the address lines is of no 
particular consequence. On the other hand the address in- 
puts will be sensitive to noise coupled from 4>1 clock. 



5-21 


DS0026/DS0056 



DS3245 


National 

Semiconductor 


DS3245 Quad MOS Clock Driver 


General Description 

The DS3245 is a quad bipolar-to-MOS clock driver with TTL 
compatible inputs. It is designed to provide high output cur- 
rent and voltage capabilities necessary for optimum driving 
of high capacitance N-channel MOS memory systems. 

Only 2 supplies, 5 N/qc and 1 2 Vdc. are required without 
compromising the usual high Vqh specification obtained by 
circuits using a third supply. 

The device features 2 common enable inputs, a refresh in- 
put, and a clock control input for simplified system designs. 
The circuit was designed for driving highly capacitive loads 
at high speeds and uses Schottky-clamped transistors. PNP 
transistors are used on all inputs, thereby minimizing input 
loading. 


Features 

■ TTL compatible inputs 

■ Operates from 2 standard supplies: 5 Vdc. 1 2 Vpc 

■ Internal bootstrap circuit eliminates need for external 
PNP’s 

■ PNP inputs minimize loading 

■ High voltage/current outputs 

■ Input and output clamping diodes 

■ Control logic optimized for use with MOS memory sys- 
tems 

■ Pin and function equivalent to Intel 3245 


Logic and Connection Diagrams 



Dual-ln-Llne Package 



Top View 

Order Number DS3245J or DS3245N 
See NS Package Number J16A or N16A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Temperature Under Bias -10°Cto +85°C 

Storage Temperature -65°Cto +150°C 

Supply Voltage, Vcc - 0.5V to + 7V 

Supply Voltage, Vqd - 0.5V to + 1 4V 

All Input Voltages - 1 .OV to Vqd 

Outputs for Clock Driver - 1 .OV to Vqq + 1 V 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded Package 1476 mW 


Operating Conditions 



Min 

Max 

Supply Voltage, Vcc 

4.75 

5.25 

Supply Voltage, Vqd 

11.4 

12.6 

Operating Temperature 9 Ta 

0 

75 


•Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
11.8 mW/°C above 25“C. 


Eiectricai Characteristics (Notes 2 and 3) 


Conditions 


Vp = 0.45V 


Vp = 0.45V 


Vr = 5V 


Vr =5V 


Iql “ 5 mA, V|R = 2V 


iOL = -5 mA 


lOH = -1 mA, V|L = 0.8V 


•oh = 5 mA 


Symbol 

Parameter 

•fd 

Select Input Load Current 

•fe 

Enable Input Load Current 

Ird 

Select Input Leakage Current 

•re 

Enable Input Leakage Current 

VoL 

Output Low Voltage 

VOH 

Output High Voltage 

V|L 

Input Low Voltage, All Inputs 

V|H 

Input High Voltage, All Inputs 

VCLAMP 

Input Clamp Voltage 



Vcc = Min. I|N = -12 mA 



Power Supply Current Drain 


Symbol 

Parameter 

Conditions 

•cc 

Current from Vcc 
Output in High State 

Vcc = 5.25V, 
Vdd = 12.6V 

•dd 

Current from Vdd 
O utput in High State 

Vcc = 5.25V, 
Vdd = 12.6V 

•cc 

Current from Vcc 
Output in Low State 

Vcc = 5.25V. 
Vdd = 12.6V 

•dd 

Current from Vqd 
O utput in Low State 

Vcc = 5.25V, 
Vdd = 12.6V 



Typ 

Max 

Units 

26 

34 

mA 

23 

30 

mA 

29 

39 

mA 

13 

19 

mA 


Note 1: “Absolute Maximum Ratings” are those vaiues beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to impiy that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Uniess otherwise specified min/max iimits apply across the 0“C to +°C range. All typical values are for T^ = 25”C and Vcc = 5V and Vco = 12V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 
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Switching Characteristics ta = o°cto +75-c.vcc = sv ±5 %.vdd = 12 V ± 5 % 


Symbol 

Parameter 

Conditions 

Min(l) 

Typ(2,4) 

Max(3) 

Units 

t- + 

Input to Output Delay 

^SERIES = 0 

5 

11 


ns 

tOR 

Delay Plus Rise Time 

^SERIES = 0 


20 

32 

ns 

t+- 

Input to Output Delay 

^SERIES = 0 

3 

7 


ns 

tOF 

Delay Plus Fall Time 

^SERIES = 0 


18 

32 

ns 

tT 

Output Transition Time 

^SERIES = 20a 

10 

17 

25 

ns 

tOR 

Delay Plus Rise Time 

^SERIES = 2on 


27 

38 

ns 

tOF 

Delay Plus Fall Time 

^SERIES = 2 on 


25 

38 

ns 


Capacitance ta = 25 °c( 5 ) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

C|N 

Input Capacitance, rj", I 2 . 13 . U 



5 

8 

pF 

C|N 

Input Capacitance, R, C, El , E2 



8 

12 

pF 


Note 1: Cl, = 150 pF 'j 

Note 2: Ci^ = 200 pF V These values represent a range of total stray plus clock capacitance for nine 4k RAMs. 

Note 3: Cl. = 250 pF J 

Note 4: Typical values are measured at 25°C. 

Note 5: This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, VgiAS “ 2V, Vcc = OV, and Ta = 25°C. 


AC Test Circuit and Switching Time Waveforms 

"series 

IS3245 — VW — 


Input pulse amplitudes: 3V 
Input pulse rise and fall times: 

5 ns behveen IV and 2V 
Measurements points: see waveforms 
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National 
Semiconductor 


DS1628/DS3628 Octal TRI-STATE® MOS Drivers 


General Description 

The DS1628/DS3628 are octal Schottky memory drivers 
with TRI-STATE outputs designed to drive high capacitive 
loads associated with MOS memory systems. The drivers’ 
output (Vqh) is specified at 3.4V to provide additional noise 
immunity required by MOS inputs. A PNP input structure is 
employed to minimize input currents. The circuit employs 
Schottky-clamped transistors for high speed. A NOR gate of 
two inputs, DIS1 and DIS2, controls the TRI-STATE mode. 


Features 

■ High speed capabilities 

— Typical 5 ns driving 50 pF & 8 ns driving 500 pF 

■ TRI-STATE outputs 

■ High Vqh (3.4V min) 

■ High density 

— Eight drivers and two disable controls for TRI-STATE 
in a 20-pin package 

■ PNP inputs reduce DC loading on bus lines 

■ Glitch-free power up/down 


Schematic and Connection Diagrams 



(Equivalent Input/Output Circuit) 


Dual-ln-Line Package 



Top View TL 

Order Number 

DS1628J, DS3628J, DS3628N 
See NS Package Number J20A or N20A 


Truth Table 




H = high level 
L = low level 
X = don’t care 
Z = high impedance (off) 


Typical Application 



I MM5290 
16k DYNAMIC 
RAM 


5-25 


DS1628/DS3628 










DS1628/DS3628 


Absolute Maximum Ratings (Note i> 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7.0V 

Logical “1 ” Input Voltage 7.0V 

Logical “0” Input Voltage - 1.5V 

Storage T emperature Range - 65°C to + 1 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 667 mW 

Molded Package 1832 mW 

Lead T emperature (Soldering, 1 0 seconds) 300°C 

•Derate cavity package 11.1 mW/°C above 25“C; derate molded package 
14.7 mW/°C above 25°C. 

Electricai Characteristics (Notes 2, 3) 


Symbol 


V|N(1 


V|N(0 


Operating Conditions 

Min 

Supply voltage (Vcc) 4.5 

Temperature (T/v) 

DS1628 -55 

DS3628 0 


Conditions 


Min I Typ 


Logical “1" Input Voltage 


Logical “0” Input Voltage 


Logical "1” Input Current 


Logical “0” Input Current 


VcLAMP I Input Clamp Voltage 


Vcc = 5.5V V|N = 5.5V 


Vcc = 5.5V V|N = 5.5V 


Vcc == 4.5V l|N = — 18n 


Logical “1” Output Voltage Vcc = 4.5V, Iqh = -10 p.A 
(No Load) 


Logical “0" Output Voltage Vcc = 4.5V, Iql = 10 fiA 
(No Load) 


Logical “1” Output Voltage Vcc = 4.5V, Iqh = -1.0 mA 
(With Load) 


Logical “0” Output Voltage Vcc = 4.5V, Iql = 20 mA 
(With Load) 


Logical “1” Drive Current Vcc = 4.5V, Vqut = OV, (Note 6) 


Logical “0” Drive Current Vcc = 4.5V, VouT = 4.5V, (Note 6) 


TRI-STATE Output Current Vqut = 0.4V to 2.4V, DIS1 or DIS2 = 2.0V 


Power Supply Current Vcc = 5.5V One DIS Input = 3.0V 

All Other Inputs = X, Outputs at Hi-Z 

DIS1, DIS2 = OV, Others = 3V 
Outputs on 

All Inputs = OV, Outputs Off 


Switching Characteristics (Vcc = 5 v,ta = 25*c)(Note6) 




Symbol 


1s+- 


Conditions 


Storage Delay Negative Edge 


Storage Delay Positive Edge 


(Figure 1) 



Delay from Disable Input to Logical “0” 
Level (from High Impedance State) 


Cl = 50 pF 


Cl = 500 pF 


Cl = 50 pF 


Cl = 500 pF 


Cl = 50 pF 


Cl = 500 pF 


Cl = 50 pF 


Cl = 500 pF 


Cl = 50 pF Rl = 2 kfl to Vcc 
toGND (Figure 2) 


Min Typ Max Units 


4.0 5.0 


(Figure 1) 


(Figure 1) 


(Figure 1) 


Delay from Disable Input to Logical “1” Cl = 50 pF Rl = 2 kll to GND 


Level (from High Impedance State) 


(Figure 2) 
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Switching Characteristics (Continued) (Vcc = sv.ta = 25 °c)(Note 6 ) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tLZ 

Delay from Disable Input to High Impedance 
State (from Logical “0” Level) 

Cl = 50 pF 
toGND 

Rl = 400fl to Vcc 
(Figure 5) 


18 

25 

ns 

tHZ 

Delay from Disable Input to High Impedance 
State (from Logical “1” Level) 

Cl = 50 pF 
toGND 

Rl = 400n to GND 
(Figure 3) 


8.5 

15 

ns 


AC Test Circuits and Switching Time Waveforms 


ts+-.ts-+itr. tf 



TL/F/5875-4 

FIGURE 1 


*ZH tZL 



TL/F/5875-7 

FIGURE 2 



\ i.» v 


TL/F/5875-8 

•ANY ONE OF EIGHT OUTPUTS 



TL/F/5875-10 

FIGURE 3 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified, min/max limits apply across the -55”C to + 125'C temperature range for the DS1628 and across the O'C to + 70°C range for 
the DS3628. All typical values are for T/^ = 25°C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages references to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: The pulse generator has the following characteristics: Zqut = 50n and PRR ^ 1 mHz. Rise and fall times between 10% and 90% points ^ 5 ns. 
Note 5: C|_ includes probe and jig capacitance. 

Note 6: When measuring output drive current and switching response for the DS1628 and DS3628 a 15fl resistor should be placed in series with each output. 
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DS3647A 


National 
Semiconductor 

DS3647A Quad TRI-STATE® 

General Description 

The DS3647A is a 4-bit I/O buffer register intended for use 
in MOS memory systems. This circuit employs a fall-through 
latch for data storage. This method of latching captures the 
data in parallel with the output, thus eliminating the delays 
encountered in other designs. This circuit uses Schottky- 
clamped transistor logic for minimum propagation delay and 
employs PNP input transistors so that input currents are 
low, allowing a large fan-out for this circuit which is needed 
in a memory system. 

Two pins per bit are provided, and data transfer is bi-direc- 
tional so that the register can handle both input and output 
data. The direction of data flow is controlled through the 
input enables. The latch control, when taken low, will cause 
the register to hold the data present at that time and display 
it at the outputs. Data can be latched into the register inde- 
pendent of the output disables or EXPANSION input. Either 
or both of the outputs may be taken to the high-impedance 
state with the output disables. The EXPANSION pin dis- 
ables both outputs to facilitate multiplexing with other I/O 
registers on the same data lines. 


MOS Memory I/O Register 


The DS3647A features TRI-STATE outputs. The “B” port 
outputs are designed for use in bus organized data trans- 
mission systems and can sink 80 mA and source - 5.2 mA. 
Data going from port “A” to port “B” and from “B” to port 
“A” is inverted in the DS3647A. 

Features 

■ PNP inputs minimize loading 

■ Fall-through latch design 

■ Propagation delay of only 15 ns 

■ TRI-STATE outputs 

■ EXPANSION control 

■ Bi-directional data flow 

■ TTL compatible 

■ Transmission line driver output 



Logic and Connection Diagrams 



TL/F/8354-1 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7V 

Input Voltage -1.5Vto+7V 

Storage Temperature Range -65° to + 150°C 

Maximum Power Dissipation* at 25°C 
Molded Package 1 476 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

•Derate molded package 10.0 mW/" C above 25°C. 


Operating Conditions 

Min 

Supply Voltage (Vcc) 4.5 

Temperature (Ta) 

DS3647A 0 


Electrical Characteristics (Notes 2 and 3) 


Symboi 

Parameter 

V|N(1) 

Logic “1 " Input Voltage 

V|N(0) 

Logic “0” Input Voltage 

l|N(1) 

Logic "1” Input Current 

l|N(0) 

Logic “0" Input Current 

VCLAMP 

Input Clamp Voltage 

VOL(A) 

Logic “0” Output Voltage 
A Ports 

VOL(B) 

Logic “0” Output Voltage 
B Ports 

VOH(A) 

Logic “1 ” Output Voltage 
A Ports 

VoH(B) 

Logic “1” Output Voltage 
B Ports 

loS(A) 

Output Short-Circuit Current 
A Port 

>OS(B) 

Output Short-Circuit Current 
B Port 

■cc 

Power Supply Current 


Conditions 



Vcc = 5.5V, V|n = 5.5V 

Latch, Disable Inputs 

Expansion 

A Ports, B Ports 


Enable Inputs 

Vcc = 5.5V, V|n = 0.5V 

Latch, Disable Inputs 

Expansion 

A Ports, B Ports 


Enable, Inputs 

Vcc=4.5V, l|N=-18mA 

Vcc = 4.5V. Iol=20 mA 

Vcc = 4.5V 

Iol= 30 mA 

Iol= 50 mA 

IOH= “1 TiA 

> 

m 

II 

o 

o 

> 

Vcc = 4.5V 

Iqh = “ 5.2 mA, (Note 4) 

< 

o 

o 

II 

CJ1 

< 

Vcc = 4.5V 

Vcc = 4.5V to 5.5V. VouT=0V. (Note 4) 

Vcc = 4.5V to 5.5V, VouT = OV, (Note 4) 

Exp = 3V, A Ports = OV, 

B Ports Open, All Other Pins=0V 

DS3647A 

Enable A, Latch = 3V, A Ports = 
OV, B Ports Open, All Other 
Pins=0V 

DS3647A 


Typ 

Max 




0.8 

0.1 

40 

0.2 

80 

0.2 

100 

0.4 

200 

-25 

-250 

-50 

-500 

-50 

-500 

-0.1 

-1.25 

-0.6 

-1.2 

0.4 

0.5 

0.3 

0.4 


0.5 




Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0"C to +70“C range. All typicals are given for Vcc=5V and Ta = 25°C. 

Note 3: All currents Into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 

Note 4: Only one output at a time should be shorted. 
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DS3647A 


Switching Characteristics {Vcc=5v.ta=25»o 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DATA TRANSFER B PORT TO A PORT 

tpdO 

Propagation Delay to a Logic “0” 

CL=50 pF, RL=280n, 
(Figures 1 and 4) 


7.5 

15 

ns 

*pd1 

Propagation Delay to a Logic “1 ” 

Cl= 50 pF, RL=280n, 
(Figures 1 and 4) 


6.0 

12 

ns 

A PORT CONTROL FROM OUTPUT DISABLE A INPUT 

tLZ 

Delay to High Impedance from 
Logic “0” 

(Figures 1 and 5) 


13 

20 

ns 

tHZ 

Delay to High Impedance from 
Logic “1” 

(Figures 1 and 6) 

■ 

14 

20 

ns 

tZL 

Delay to Logic “0” from High 
Impedance 

(Figures 1 and 7) 


10 

15 

ns 

tZH 

Delay to Logic “1 " from High 
Impedance 

(Figures 1 and 8) 


25 

35 

ns 

DATA TRANSFER A PORT TO B PORT, DS3647A 

tpdO 

Propagation Delay to a Logic “0” 

Cl=50pF, RL=ioon, 
(Figures 2 and 4) 


6.5 

12 

ns 

tpd1 

Propagation Delay to a Logic “1 ” 

Cl= 50 pF, Rl= 100 fi, 
(Figures 2 and 4) 


8.0 

15 

ns 

B PORT CONTROL FROM OUTPUT DISABLE B INPUT, DS3647A 

tLZ 

Delay to High Impedance from 
Logic "0” 

(Figures 2 and 5) 


15 

25 

ns 

tHZ 

Delay to High Impedance from 
Logic “1" 

(Figures 2 and 6) 


14 

20 

ns 

tZL 

Delay to Logic “0” from High 
Impedance 

(Figures 2 and 7) 


10 

16 

ns 

tZH 

Delay to Logic “1 ” from High 
Impedance 

(Figures 2 and 8) 


25 

35 

ns 

LATCH SET-UP AND HOLD TIMES, ALL DEVICES 

tSET-UP 

Set-Up Time of Data Input Before 
Latch Goes Low 


5 

0 


ns 

tHOLD 

Hold Time of Data Input After 
Latch Goes Low 


10 

5 


ns 


Product Description 


Device Number 

B Port To A Port 
Function 

A Port To B Port 
Function 

A Port Outputs 

B Port Outputs 

DS3647A 

Inverting 

Inverting 

TRI-STATE 

TRI-STATE 
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Truth Table 


Input 

Enables i Latch 


A 

B 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 


Output 

Disables 



Expansion 

A Ports 
A1-A4 

B Ports 
B1-B4 

Comments 

0 

Hi-Z 

A 

Data in on A, output to B 

0 

B 

Hi-Z 

Data in on B, output to A 

0 

Hi-Z 

A 

Data stored which is present 
when latch goes low 

0 

B 

Hi-Z 

Data stored which is present 
when latch goes low 

0 

Hi-Z 

Hi-Z 

Both A and B in Hi-Z state, 
Data in on A, may be latched 

0 

Hi-Z 

Hi-Z 

Both A and B in Hi-Z state, 
Data in on B, may be latched 

1 

Hi-Z 

Hi-Z 

Both A and B in Hi-Z state 


AC Test Circuits 


50 of ?1k 

(NOTED^^ < 


TL/F/8354-3 

FIGURE 1. A Port Load FIGURE 2. B Port Load 

Note 1: C[, includes probe and jig capacitance. 



Operating Waveforms 

Using TRI-STATE 

- — INPUT DATA VALID ► 

DATA 




TRI-STATE Disabled 

INPUT DATA VALID 

X i 


JJUU 




I I DATA _J^ DATA 

I FEEDTHROUGH n"' LATCHEI 


L output 4^ OUTPUT OUTPUT A L OUTPUT ACTIVE 4 

r TRISTATE ACTIVE^ TRI-STATE^ A uuiuiHi 

TL/F/8354-5 TL/F/8354-6 

‘When the Input Enable makes a negative transition, the output will be indeterminate for a short duration. The negative transition of the Input Enable normally 
occurs during a don’t-care timing state at the output. 
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Switching Time Waveforms 


tpdo sod tpd^ 


OUTPUT 

(INVERTED) 


OUTPUT 

(NONINVERTEOI 


M.6V 

1.6V T 

k 

•pdO ■»- 


•pdl H*- 



y 

•pill 1*— — 

•pdO - 



1.5v\ 


TL/F/8354-7 

Input Characteristics; f = 1 MHz, tp = tp i 5 ns (10% to 90% points), duty cycle = 50%, Zqut = 50 n 

FIGURE 4 




FIGURE 5 



t1.5V 





h'" 1 




FIGURE 7 

Schematic Diagram 



Note. Data pins A1-A4 and B1-B4 consist of 
an input and an output tied together. 
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Typical Application 


The diagram below shows how the DS3647A can be used as a register capable of multiplexing data lines. 


DATA LINES 
(MULTIPLEXED) 



A1 B1 

OS 

«3647A 
A3 B3 

A4 B4 

EXPANSIDN 


16 

DATA LINES 
TD MOS 
MEMORY 
ARRAY 


TO OS3647A INPUT ENABLES 



TO DS3647AUSTCH INPUTS 


LATCH. 

CONTROL 
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DS1648/DS3648/DS1678/DS3678 


^1 National 

Semiconductor 

DS1648/DS3648/DS1678/DS3678 TRI-STATE® TTL to 
MOS Multiplexers/Drivers 

General Description 


The DS1648/DS3648 and DS1678/DS3678 are quad 2-in- 
put multiplexers with TRI-STATE outputs designed to drive 
the large capacitive loads (up to 500 pF) associated with 
MOS memory systems. A PNP input structure is employed 
to minimize input currents so that driver loading in large 
memory systems is reduced. The circuit employs Schottky- 
clamped transistors for high speed and TRI-STATE outputs 
for bus operation. 

The DS1648/DS3648 has a 15fl resistor in series with the 
outputs to dampen transients caused by the fast-switching 


output. The DS1678/DS3678 has a direct, low impedance 
output for use with or without an external resistor. 

Features 

■ TRI-STATE outputs interface directly with system-bus 

■ Schottky-clamped for better ac performance 

■ PNP inputs to minimize input loading 

■ TTL compatible 

■ High-speed capacitive load drivers 

■ Built-in damping resistor (DS1648/DS3648 only) 


Logic and Connection Diagrams 


OUTPUT 

CONTROL 

. _ni 



Dual-ln-Line Package 


INPUTS INPUTS 

OUTPUT OUTPUT , ' OUTPUT 

VCC CONTROL A4 M Y4 A] B3 Y3 



Top View 

Order Number DS1648J, DS3648J, DS1678J 
DS3678J, DS3648N or DS3678N 
See NS Package Number J16A or N16A 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7V 

Logical “1 ” Input Voltage 7V 

Logical “0” Input Voltage — 1 ,5V 

Storage T emperature Range - 65°C to + 1 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 433 mW 

Molded Package 1362 mW 

Lead Temperature 

(Soldering, 10 seconds) 300°C 

• Derate cavity package 9.6 mW/'C above 25°C; derate molded package 
10.9 mW/'C above 25°C. 


Operating Conditions 

Min 

Supply Voltage (Vcc) 4.5 

Temperature (Ta) 

DS1648, DS1678 -55 

DS3648, DS3678 0 


Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

V|N(1) 

Logical “1" Input Voltage 

VlN(O) 

Logical “0” Input Voltage 

llN(1) 

Logical “1 ” Input Current 

•lN(0) 

Logical “0" Input Current 

VcLAMP 

Input Clamp Voltage 

VoH 

Logical “1 ” Output Voltage 
(No Load) 

Vql 

Logical “0" Output Voltage 
(No Load) 

Vqh 

Logical “1” Output Voltage 
(With Load) 

VoL 

Logical “0” Output Voltage 
(With Load) 

IlD 

Logical “1” Drive Current 

Iqd 

Logical “0" Drive Current 

Ihi-Z 

TRI-STATE Output Current 

Icc 

Power Supply Current 


Conditions 



Vcc ” 5.5V, V|N ■ 5.5V 


Vcc = 5.5V, V|N = 0.5V 


Vcc = 4.5V, l|N = -18 mA 


Vcc = 4.5V, Iqh = — 10 jtiA 


Vcc = 4.5V, Iql = "lO 


Vcc ~ 4.5V, Iqh ~ —1.0 mA 


Vcc = 4.5V. loL = 20 mA 


DS1648/DS1678 


DS3648/DS3678 


DS1648/DS1678 


DS3648/DS3678 


DS1648 


DS1678 


DS3648 


DS3678 


DS1648 


DS1678 


DS3648 


DS3678 


Vcc = 4.5V, VouT = OV, (Note 4) 


Vcc ~ 4.5V, VouT ~ 4.5V, (Note 4) 


VouT = 0.4V to 2.4V, Output Control = 2.0V 


Vcc = 5.5V Output Control = 3V 
All Other Inputs at OV 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless othenvise specified min/max limits apply across the -55”C to +125°C temperature range for the DS1648 and DS1678 and across the 0°C to 
+ 70'’C range for the DS3648 and DS3678. All typical values for T* = 25°C and Vcc = 5^. 

Note 3; All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS1 678 and DS3678 a 1 50 resistor should be placed in series with each output. This 
resistor is internal to the DS1648/DS3648 and need not be added. 
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DS1648/DS3648/DS1678/DS3678 





















































































































Switching Characteristics vcc = sv.ta = 2 

15°C (Note 4) 






Symbol 

Parameter 

Conditions 


Units 

ts± 

Storage Delay Negative Edge 

(Figure 1) 

Cl = 50 pF 


5 

7 

ns 




Cl = 500 pF 


9 

12 

ns 

tST 

Storage Delay Positive Edge 

(Figure 1) 

Cl = 50 pF 


6 

8 

ns 




Cl = 500 pF 


9 

13 

ns 

tp 

Fall Time 

(Figure 1) 

Cl = 50 pF 


5 

8 

ns 




Cl = 500 pF 


22 

35 

ns 

*R 

Rise Time 

(Figure 1) 

Cl = 50 pF 


6 

9 

ns 




Cl = 500 pF 


22 

35 

ns 

tZL 

Delay from Output Control Input to Logical “0” 
Level (from High Impedance State) 

Cl = 50 pF, Ru = 2 kfl to Vcc. 
(Figure 2) 


10 

15 

ns 

tZH 

Delay from Output Control Input to Logical “1” 
Level (from High Impedance State) 

Cl = 50 pF, Rl = 2 kn to GND 
(Figure 2) 


8 

15 

ns 

tLZ 

Delay from Output Control Input to High Impedance 
State (from Logical “0” Level) 

Cl = 50 pF, Rl = 40on to Vcc. 
(Figure 3) 


15 

25 

ns 

tHZ 

Delay from Output Control Input to High Impedance 
State (from Logical "1" Level) 

Cl = 50 pF, Rl = 40on to gnd, 
(Figure 3) 


10 

25 

ns 

*S± 

Propagation Delay to Logical “0” Transition When 
Select Selects A 

Cl = 50 pF, (Figure 1) 


12 

15 

ns 


Propagation Delay to Logical “1” Transition When 
Select Selects A 

Cl = 50 pF, (Figure 1) 


14 

17 

ns 

*S± 

Propagation Delay to Logical “0” T ransition When 
Select Selects B 

Cl = 50 pF, (Figure 1) 


16 

20 

ns 


Propagation Delay to Logical “1 ” Transition When 
Select Selects B 

Cl = 50 pF, (Figure 1) 


14 

20 

ns 



































































































AC Test Circuits and Switching Time Waveforms 

ts±its±iTR, tp 



- - TL/F/7506-4 

Note 1: The pulse generator has the following characteristics; Zqut = 5011 and PRR ^ 1 MHz. Rise and fall times between 10% and 90% points s 5 ns. 
Note 2: Cl includes probe and jig capacitance. 

FIGURE 1 


tZH 


Vrp 



TL/F/7506-6 

•Internal on DS1648 and DS3648 


tzL 



TL/F/7506-7 


FIGURE 2 



TL/F/7506-8 


tHZ 



TL/F/7506-9 

•Internal on DS1648 and DS3648 



TL/F/7506-10 


FIGURE 3 

Truth Table 


Output 

Inputs 


Control 

Select 

A B 


H 

X 

X X 

Hi-Z 

L 

L 

L X 

H 

L 

L 

H X 

L 

L 

H 

X L 

H 

L 

H 

X H 

L 


H = High level 

L = Low level 

X = Don’t care 

Hi-Z = TRI-STATE mode 
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DS1648/DS3648/DS1678/DS3678 



DS1648/DS3648/DS1678/DS3678 


Typical Applications 


Addressing 16k RAM 


2:1 Multiplexing of RAM Outputs 



MOS RAM 
ARRAY 


8 

MOS 

OUTPUTS 


I 


Ia7 


mm 

B1 

n 

EM 

, DS3648 

n 

OR 

n 


mm 


191 


j 



4 MOS OUTPUTS 
(INVERTED) 


A/B SELECT 


TL/F/7506-14 


Refreshing Using TRI*STATE Counter 



TL/F/7506-13 
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National 

Semiconductor 


DS1649/DS3649/DS1679/DS3679 Hex TRI-STATE® TTL 
to MOS Drivers 


General Description 

The DS1649/DS3649 and DS1679/DS3679 are Hex 
TRI-STATE MOS drivers with outputs designed to drive 
large capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed to re- 
duce input currents allowing the large fan-out to these driv- 
ers needed in memory systems. The circuit has Schottky- 
clamped transistor logic for minimum propagation delay, 
and TRI-STATE outputs for bus operation. 

The DS1649/DS3649 has a 15n resistor in series with the 
outputs to dampen transients caused by the fast-switching 


Schematic Diagram 


output. The DS1679/DS3679 has a direct low impedance 
output for use with or without an external resistor. 

Features 

■ High speed capabilities 

• Typ 9 ns driving 50 pF 

• Typ 30 ns driving 500 pF 

■ TRI-STATE outputs for data bussing 

■ Built-in 15fl damping resistor (DS1649/DS3649) 

■ Same pin-out as DM8096 and DM74366 


Truth Table 



Disable Input 
DIS1 DIS2 

Input 

Output 

0 0 

0 

1 

0 0 

1 

0 

0 1 

X 

Hi-Z 

1 0 

X 

Hi-Z 

1 1 

X 

Hi-Z 


X = Don't care 

Hi-Z = TRI-STATE mode 


•DS1649/DS3649 only 

Connection Diagram 

Dual-In-Line Package 

Vcc 0IS2 INI OUTS INI OUTS IN4 0UT4 


Typical Application 



OISI INI OUTl IN2 aUT2 IN3 0UT3 GNO 


Top View 

Order Number DS1649J, DS3649J, 
DS1679J, DS3679J, DS3649N or DS3679N 
See NS Package Number J16A or N16A 



DS1649/DS3649/DS1679/DS3679 






DS1649/DS3649/DS1679/DS3679 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Saies Office/ 
Distributors for avaiiabiiity and specifications. 

Supply Voltage 7.0V 

Logical “1 ” Input Voltage 7.0V 

Logical “0” Input Voltage - 1 .5V 


Storage Temperature Range 
Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 sec.) 


-65°Cto +150°C 


1371 mW 
1280 mW 


Operating Conditions 

Min Max Units 

Supply Voltage (Vcc 4.5 5.5 V 

Temperature (Ta) 

DS1649, DS1679 -55 +125 °C 

DS3649, DS3679 0 +70 °C 

•Derate cavity package 9.1 mW/°C above 25“C; derate molded package 
1 0.2 mW/°C above 25°C. 


Conditions 


Electrical Characteristics (Note 2 and 3) 


Symbol 


Logical “1 ” Input Voltage 


V|N(0) I Logical “0" Input Voltage 


•lN(i) Logical “1” Input Current 


l|N(0) Logical “0" Input Current 


VcLAMP Input Clamp Voltage 


Vcc = 5.5V, V|N = 5.5V 


Vcc = 5.5V, V|N = 0.5V 


Vcc = 4.5V, liN = -18 mA 


Logical “1" Output Voltage Vcc = 4.5V, Iqh = — 10 ju.A 
(No Load) 


Logical “0” Output Voltage Vcc = 4.5V, Iql = 10 jaA 
(No Load) 


Logical “1” Output Voltage Vcc = 4.5V, Iqh = -1.0 mA 
(With Load) 


Typ Max Units 



0.1 40 jitA 


-50 -250 juiA 


-0.75 -1.2 


DS1649/DS1679 


DS3649/DS3679 


DS1649/DS1679 




Logical “0” Output Voltage Vcc = 4.5V, Iql = 20 mA 
(With Load) 


Logical “1” Drive Current 


Logical “0” Drive Current 


Vcc = 4.5V, VouT = OV (Note 4) 


Vcc = 4.5V. VouT = 4.5V (Note 4) 


TRI-STATE Output Current Vqut = 0.4V to 2.4V, DIS1 or DIS2 = 2.0V 



Power Supply Current 


Vcc = 5.5V One DIS Input = 3.0V 
All Other Inputs = X 

All Inputs = OV 
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Switching Characteristics (Vcc = sv.ta = 25 »c)(Note 4 ) 


Conditions 


Storage Delay Negative Edge 


Storage Delay Positive Edge 




Delay from Disable Input to Logical “0” 
Level (from High Impedance State) 


Delay from Disable Input to Logical “1 ’’ 
Level (from High Impedance State) 


Delay from Disable Input to High Impedance 
State (from Logical “0" Level) 


Delay from Disable Input to High Impedance 
State (from Logical “1” Level) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to imply that the devices shouid be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless othenvise specified min/max iimits appiy across the -55°C to +125°C temperature range for the DS1649 and DS1679 and across the 0“C to 
+ 70”C range for the DS3649 and DS3679. Ail typical values are for T* = 25°C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. Aii values shown 
as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS1679 and DS3679 a 1511 resistor should be placed in series with each output. This 
resistor is internal to the DS1649/DS3649 and need not be added. 


AC Test Circuits and Switching Time Waveforms 


ts±.^ST>tRitF 



TL/F/7515-5 


TL/F/7515-4 

FIGURE 1 
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DS1 649/DS3649/DS1 679/DS3679 







































































AC Test Circuits and Switching Time Waveforms (Continued) 



TL/F/7515-6 TL/F/7515-7 




•Internal on DS1649 and DS3649 TL/F/7515-11 

FIGURE 3 


Note 1: The pulse generator has the following characteristics: Zqut = 50n and PRR s 1 MHz. Rise and fail times between 10% and 90% points ^ 5 ns. 
Note 2: C|_ Inciudes probe and jig capacitance. 




^1 National 

Semiconductor 

DS1651/DS3651 

Quad High Speed MOS Sense Amplifiers 


General Description 

The DS1651/DS3651 is TTL compatible high speed circuits 
intended for sensing in a broad range of MOS memory sys- 
tem applications. Switching speeds have been enhanced 
over conventional sense amplifiers by application of 
Schottky technology, and TRI-STATE® strobing is incorpo- 
rated, offering a high impedance output state for bused or- 
ganization. 

The DS1651/DS3651 has active pull-up outputs and offers 
open collector outputs providing implied “AND" operations. 


Connection Diagram 

Dual-ln-Llne Package 

Vcc -INS -INS OUTS Vee out 0 -IN 0 -IN 0 


Features 

■ High speed 

■ TTL compatible 

■ Input sensitivity — ±7 mV 

■ TRI-STATE outputs for high speed buses 

■ Standard supply voltages — ± 5V 

■ Pin and function compatible with MC3430 


Truth Table 



Input 

Strobo 

Output 



DS3651 

V|D ^ 7 mV 

L 

H 

Ta = O-Cto +70°C 

H 

Open 

-7 mV ^ V|D ^ +7 mV 

L 

X 

Ta = 0“Cto -f70°C 

H 

Open 

V|D ^ -7 mV 

L 

L 

Ta = 0°C to -H 70°C 

H 

Open 


IN A -IN* our A STS OUTC -INC 


IN C UNO 

TL/F/7528-1 


Top View 

Order Number DS1651J, DS3651J or DS3651N 
See NS Package Number J16A or N16A 


L = Low logic state 
H = High logic state 
Open = TRI-STATE 
X = Indeterminate state 


Typical Applications 


A Typical MOS Memory Sensing Application for a 4k word by 4*bit 
memory arrangement employing 1103 type memory devices 


[ , IN WORD 

p— 



2B 

\l 1 — ^ 

p>-Do ^OATA SIT4 



Note: Only 4 devices are required (or a 4k word by 1 6-bit memory system. 
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DS1651/DS3651 






DS1651/DS3651 


Absolute Maximum Ratings (Note i) Operating Conditions 


If Military/Aerospace specified devices are required, 


Min 

Max 

Unit 

contact the National Semiconductor 

Sales Office/ 

Supply Voltage (Vcc) 




Distributors for availability and specifications. 

DS1651 

4.5 

5.5 

V 

Power Supply Voltages 


DS3651 

4.75 

5.25 

V 

Vcc 

+ 7 Vqc 

Supply Voltage (Vee) 




Vee 

-7 Vdc 

DS1651 

-4.5 

-5.5 

V 

Differential-Mode Input Signal Voltage 


DS3651 

-4.75 

-5.25 

V 

Range, V|dr 

± 6 Vdc 

Operating Temperature (Ta) 




Common-Mode Input Voltage Range, V|cr 

±5 Vdc 

DS1651 

-55 

4-125 

°c 

Strobe Input Voltage, V|(S) 

5.5 Vdc 

DS3651 

0 

4-70 

“C 

Strobe Temperature Range - 

65°Cto +150°C 

Output Load Current, (Iql) 


16 

mA 

Maximum Power Dissipation* at 25°C 


Differential Mode Input 




Cavity Package 

1509mW 

Voltage Range, (V|dr) 

-5.0 

4-5.0 

V 

Molded Package 

1476 mW 

Common-Mode Input 




Lead Temp. (Soldering, 10 seconds) 

300*C 

Voltage Range, (V|cr) 

-3.0 

4-3.0 

V 

• Derate cavity package 10.1 mW/"C above 25'’C: derate molded package 

Input Voltage Range (Any 




11.8 mW/“C above 25°C. 


Input to GND), (V|r) 

-5.0 

4-3.0 

V 


Electrical Characteristics 

Vcc = 5 Vdc. Vee = -5 Vdc, Min ^ Ta ^ Max, unless otherwise noted (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Unit 

Vis 

Input Sensitivity, (Note 5) 
(Common-Mode Voltage Range) 
VICR = -3V ^ V|N 4-3V) 

Min ^ Vcc ^ Max 
Min ^ Vee ^ Max 

■ 

■ 

±7.0 

mV 

V|0 

Input Offset Voltage 



2 


mV 

■iB 

Input Bias Current 

Vcc ~ Max, Vee ~ Max 



20 

fiA 

l|0 

Input Offset Current 



mm 


ju.A 

V|L(S) 

Strobe Input Voltage (Low State) 




0.8 

B 

V|H(S) 

Strobe Input Voltage (High State) 


2 



D 

'iL(S) 

Strobe Current (Low State) 

Vcc = Max, Vee = Max, V|n - 0.4V 



-1.6 

mA 

'iL(S) 

Strobe Current (High State) 

Vcc = Max, 
Vee = Max 

V|N = 2.4V 

DS3651 



40 

nA 

< 

z 

11 

< 

o 

o 



1 

mA 

V|N = 2.4V 

DS1651 



100 

(lA 

< 

z 

II 

< 

o 

o 



1 

mA 

Vqh 

Output Voltage (High States) 

Vcc ~ Min, 
Vee = Min 

io = —400 JU.A 

DS1651/DS3651 

B 

m 

■ 

V 

Vql 

Output Voltage (Low State) 

Vcc ~ Min, 
Vee = Min 

Iq = 16 mA 

DS3651 



0.45 

V 

DS1651 



0.50 

■os 

Output Current Short Circuit 

Vcc = Max, Vee = Max, 
(Note 4) 

DS1651/DS3651 

-18 


-70 

mA 

•off 

Output Disable Leakage Current 

Vcc = Max, Vee = Max 

DS3651 



40 

jtiA 

DS1651 



100 

jxA 

•cc 

High Logic Level Supply Current 

Vcc = Max, Vee = Max 


45 

60 

mA 

•ee 

High Logic Level Supply Current 

Vcc ’ Max, Vee = Max 


-17 

-30 

mA 
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Switching Characteristics Vcc = 5 Vdc, Vee = ~5Vdc. Ta = 25°C unless otherwise noted. 


Symbol 

Parameter 

Conditions 

tpHL(D) 

High-to-Low Logic Level Propagation 
Delay Time (Differential Inputs) 

5 mV + V|s, 
(Figure 2s 

DS1651/ 

DS3651 

tpLH(D) 

Low-to-High Logic Level Propagation 
Delay Time (Differential Inputs) 

5 mV -t- V|s, 
(Figure 2) 

DS1651/ 

DS3651 

tpOH(S) 

TRI-STATE to High Logic Level 
Propagation Delay Time (Strobe) 

(Figure 1) 

DS1651/ 

DS3651 

tPHO(S) 

High Logic Level to TRI-STATE 
Propagation Delay Time (Strobe) 

(Figure 1) 

DS1651/ 

DS3651 

tpOL(S) 

TRI-STATE to Low Logic Level 
Propagation Delay Time (Strobe) 

(Figure 1) 

DS1651/ 

DS3651 

tpLO(S) 

Low Logic Level to TRI-STATE 
Propagation Delay Time (Strobe) 

(Figure 1) 

DS1651/ 

DS3651 



Max 

Units 

45 

ns 

55 

ns 

21 

ns 

18 

ns 

27 

ns 

29 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to imply that the device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless othenvise specified min/max limits apply across the 0°C to +70”C range for the DS3651 and across the -55°C to + 125°C range for the DS1651. 
All typical values are for Ta = 25°C, Vqc = 5V and = -5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: A parameter which is of primary concern when designing with sense amplifiers is. what is the minimum differential input voltage required at the sense 
amplifier input terminals to guarantee a given output logic state. This parameter is commonly referred to as threshold voltage. It is well known that design 
considerations of threshold voltage are plagued by input offset currents, bias currents, network source resistances, and voltage gain. As a design convenience, the 
DS1651 and DS3651 are specified to a parameter called input sensitivity (Vis). This parameter takes into consideration input offset currents and bias currents, and 
guarantees a minimum input differiential voltage to cause a given output logic state with respect to a maximum source impedance of 2000 at each input. 


Switching Time Waveform 



Note; Output of channel B shown under test, 
other channels are tested similarly. 



VI 

V2 

100 mV 

GND 

100 mV 

GND 

GND 

100 mV 

GND 

100 mV 



Cl includes jig and probe capacitance. 

E|n waveform characteristics: truH and txHL S 10 ns measured 10% to 90% 
PRR = 1 MHz 
Duty cycle = 50% 
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DS1651/DS3651 































































AC Test Circuits 



tpOL(S) tpoH(S) 




FIGURE 1. Strobe Propagation Delay tpLO(S)> tpOL(S)> *PHL(S) S'’** *POH(S) 



TL/F/7528-10 

Note: Output of channel B shown under test, other channels are tested similarly. 

S1 at “B" for DS1651/DS3651, Cu = 50 pF total for DS1651/DS3651 



E|n waveform characteristics: 

tTLH and tjHL s 10 ns measured 10% to 90% 

PRR = 1 MHz, duty cycle = 500 ns 


FIGURE 2. Differential Input Propagation Delay tp|_H(D) and tpHL(D) 
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DS1651/DS3651 





DS1651/DS3651 


Typical Applications (Continued) 


4-Blt Parallel A/D Converter 



TL/F/7528-14 

20 = (A + B) (C + D) (E + F) (H + J) (K + L) (M + N) (P + R) (S) 

2T = (B + D) (F + J) (L + N) (R) 

22 = (D + J) (N) 

^ = J 

Conversion time a 50 ns 
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National 

Semiconductor 


DS1674/DS3674 Quad TTL to MOS Clock Drivers 


General Description 

The DS1674/DS3674 is a quad bipolar-to-MOS clock driver 
with TTL compatible inputs. It is designed to provide high 
output current and voltage capabilities necessary for opti- 
mum driving of high capacitance N-channel MOS memory 
systems. 

The device features two common enable inputs, a refresh 
input, and a clock control input for simplified system de- 
signs. The circuit was designed for driving highly capacitive 
loads at high speeds and uses Schottky-clamped transis- 
tors. PNP transisitors are used on all inputs thereby minimiz- 
ing input loading. 

The circuit may be connected to provide a 1 2V clock output 
amplitude as required by 4k RAMs or a 5V clock output 
amplitude as required by 16k RAMs. 


The DS1674/DS3674 has a direct, low impedance output 
for use with or without an external damping resistor. 

Features 

■ TTL compatible inputs 

■ 12V clock or 5V clock driver 

■ Operates from standard bipolar and MOS supplies 

■ PNP inputs minimize loading 

■ High voltage/current outputs 

■ Input and output clamping diodes 

■ Control logic optimized for use with MOS memory sys- 
tems 

■ Pin and function compatible with MC3460 and 3235 


Schematic and Connection Diagrams 


Vcci VCC3 



DuaMn-Llne Package 



Top View 

Order Number DS3574J or DS3674N 
See NS Package Number J16A or N16A 


TL/F/5876-1 
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DS1674/DS3674 



DS1674/DS3674 


Absolute Maximum Ratings (Notei) 

Operating Conditions 



if Miiitary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 

Supply Voltage 

Min 

Max 

Units 

Distributors for availability and specifications. 

Vcci 




Supply Voltage 

DS1674 

4.5 

5.5 

V 

Vcci 7V 

DS3674 

4.75 

5.25 

V 

Vcc2 13.5V 

VcC 2 




VcC3 16V 

DS1674 

4.5 

13.2 

V 

I nput Voltage - 1 ,0V to -f- 7V 

DS3674 

4.75 

12.6 

V 

Output Voltage — 1 ,0V to -I- 1 6V 

VcC3 




Storage Temperature Range -65°C to + 150°C 

DS1674 

VCC2 

16.5 

V 

Maximum Power Dissipation* at 25°C 

DS3674 

VcC 2 

15.75 

V 

Cavity Package 1 509 mW 

Temperature, Ta 




Molded Package 1476 mW 

DS1674 

-55 

+ 125 

°c 

Lead T emperature (Soldering, 1 0 sec.) 300“C 

DS3674 

0 

+ 70 

“C 

* Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
1 1 .8 mW/°C above 25”C. 





Electrical Characteristics 





5V operation, (Vnni = Vnr:? = 5V, Vctrri = 12V); 12V operation, (Vnni = 5V, Vnr:? = 

12V, Vcc3 = 

Vcc 2 + (3V ± 10 %)); 

DS1674, ±10% power supply tolerances: DS3674, ±5% power supply tolerances, unless otherwise noted. (Notes 2, 3 and 4). 


2 


Vcc2“0.5 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2; Unless otherwise specified min/max limits apply across the — 55°C to + 1 25°C temperature range for the DS1 674 and across the 0°C to + 70°C range for 
the DS3674. All typicals are given for Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4; For AC measurements, a lOft resistor must be placed in series with the output of the DS1674/DS3674. 



Symbol Parameter 

V|H Logical "1 " Input Voltage 

V|L Logical “0” Input Voltage 

I|H Logical “1 ” Input Current 

I|L Logical “0” Input Current 

VcD Input Clamp Voltage 
VoH Logical “1" Output Voltage 

VoL Logical “0” Output Voltage 

Vqc Output Clamp Voltage 

IcCH Supply Current Output High 

[cci 

}CC2 

[CC3 

[CC2 

[CC3 

IccL Supply Currents Outputs Low 

[cci 

[CC2 

|CC3 


Conditions 


V|N = 5.5V 

Select Inputs 


1 All Other Inputs 

Vim = 0 4V 

Select Inputs 

V|is| yj.HW 

All Other Inputs 

l| = -12 mA 

Iqh = “1 ffiA, V|L = 

^ 0.8V 

lOL = 5 mA, V|H = 2.0V 

Iqc = 5 mA, V|L = 0 

1.8V 

All Inputs ViN = OV 
Outputs Open 

Vcci = Max 

1 2V Operation 


5V Operation 

All Inputs ViN = 5V 
Outputs Open 

Vcci = 5.25V 

Vcc2= 12.6V 

i 

Vcc 3 = 15.75V 
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Switching Characteristics T/\ = 25°C unless otherwise noted, (Note 4), {Figures 1, 2, 3 and 4) 


Symbol Parameter 

ts+- Storage Delay Negative Edge 

ts_ + Storage Delay Positive Edge 

tp Fall Time 

tR Rise Time 

tpdo Propagation Delay to a 

Logical "0” 

tpdi Propagation Delay to a 

Logical “1" 


Conditions Min 


Rq = ion 

Cl = 100 pF 


Cl = 400 pF 

Rd = ion 

Cl = 100 pF 


Cl = 400 pF 

Rd - ion 

Cl = 100 pF 


Cl = 400 pF 

Rq = ion 

Cl = 100 pF 


Cl = 400 pF 

Rd = ion 

Cl = 100 pF 


Cl = 400 pF 

Rd = ion 

Cl = 100 pF 


Cl = 400 pF 


Typ 

Max 

Units 

8 

11 

ns 

12 

16 

ns 

10 

13 

ns 

13 

16 

ns 

9 

16 

ns 

17 

24 

ns 

8 

12 

ns 

13 

19 

ns 

17 

27 

ns 

29 

40 

ns 

18 

25 

ns 

26 

35 

ns 


AC Test Circuits and Switching Time Waveforms 



FIGURE 1.12V Operation 


TUF/5876-3 



FiGURE 2. 12V Operation 
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DS1674/DS3674 












































































AC Test Circuits and Switching Time Waveforms (Continued) 



FIGURE 3. SV Operation 


TL/F/5876-5 



FIGURE 4. 5V Operation 

Note 1: The pulse generator has the following characteristics, PPR = 1 MHz. Ir i 10 ns, Zqut = 50n. 
Note 2: C|_ Includes probe and jig capacitance. 
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DS16149/DS16179/DS36149/DS36179 



National 

Semiconductor 


DS16149/DS36149, DS16179/DS36179 Hex MOS Drivers 


General Description 

The DS16149/DS36149 and DS16179/DS36179 are Hex 
MOS drivers with outputs designed to drive large capacitive 
loads up to 500 pF associated with MOS memory systems. 
PNP input transistors are employed to reduce input currents 
allowing the large fan-out to these drivers needed in memo- 
ry systems. The circuit has Schottky-clamped transistor log- 
ic for minimum propagation delay, and a disable control that 
places the outputs in the logic “1” state (see truth table). 
This is especially useful in MOS RAM applications where a 
set of address lines has to be in the logic "1” state during 
refresh. 

The DS16149/DS36149 has a 15 ft resistor in series with 
the outputs to dampen transients caused by the fast-switch- 
ing output. The DS16179/DS36179 has a direct low imped- 
ance output for use with or without an external resistor. 


Features 

■ High speed capabilities 

• Typ 9 ns driving 50 pF 

• Typ 29 ns driving 500 pF 

■ Built-in 15 ft damping resistor (DS16149/DS36149) 

■ Same pin-out as DM8096 and DM74366 


Schematic Diagram 


EQUIVALENT INPUT EQUIVALENT OUTPUT 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7.0V 

Logical “1 ” Input Voltage 7.0V 

Logical “0” Input Voltage - 1 .5V 

Storage Temperature Range -65°Cto +150°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1371 mW 

Molded Package 1 280 mW 

Lead Temperature (Soldering 1 0 seconds) 300°C 

•Derate cavity package 9.1 mW/”C above 25’C; derate molded package 
10.2 m/W”C above 25°C. 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage (Vcc) 
Temperature (T^) 

4.5 

5.5 

V 

DS16149, DS16179 

-55 

+ 125 

°c 

DS36149, DS36179 

0 

+ 70 

°c 


DC Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|n(1) 

Logical “1” Input Voltage 


2.0 



V 

V|n(0) 

Logical “0” Input Voltage 




0.8 

V 

Iin(1) 

Logical “1” Input Current 

Vcc = 5.5V, V|N = 5.5V 


0.1 

40 

fiA 

Iin(0) 

Logical “0” Input Current 

Vcc = 5.5V, V|N = 0.5V 


-50 

-250 

fi,A 

VCLAMP 

Input Clamp Voltage 

Vcc — 4.5V, l||\| = —18 mA 


-0.75 

-1.2 

V 

VOH 

Logical “1 ” Output Voltage 
(No Load) 

Vcc = 4.5V, Iqh -10 fiA 

DS16149/DS16179 

wm 

4.3 


V 

DS36149/DS36179 

3.5 

mm 


V 

VoL 

Logical “0” Output Voltage 
(No Load) 

Vcc = 4.5V, Iql = 10 fi,A 

DS16149/DS16179 


0.25 

0.4 

V 

DS36149/DS36179 


0.25 

0.35 

V 

VoH 

Logical “1 ” Output Voltage 
(With Load) 

Vcc — 4.5V, Iqh — -1.0 mA 

DS16149 

mm 

3.5 


V 

DS16179 

2.5 

3.5 


V 

DS36149 

2.6 

3.5 


V 

DS36179 

m 

3.5 


V 

VOL 

Logical “0” Output Voltage 
(With Load) 

Vcc = 4.5V, Iql = 20 mA 

DS16149 


0.6 

1.1 

V 

DS16179 


0.4 

0.5 

V 

DS36149 


0.6 

1.0 

V 

DS36179 


0.4 

0.5 

V 

l|D 

Logical “1 ” Drive Current 

Vcc = 4.5V, Vqut = OV, (Note 4) 


-250 


mA 

lOD 

Logical “0” Drive Current 

Vcc = 4.5V. VouT = 4.5V. (Note 4) 


150 


mA 

Icc 

Power Supply Current 

Vcc = 5.5V 

Disable Inputs = OV 
All Other Inputs = 3V 


33 

60 

mA 

All Inputs = OV 

14 


20 

mA 


Switching Characteristics (Vcc = sv.ta = 250 (Note 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ts± 

Storage Delay Negative Edge 

{Figure 1) 

Cl = 50 pF 


4.5 

7 

ns 

Cl = 500 pF 


7.5 

12 

ns 

tST 

Storage Delay Positive Edge 

{Figure 1) 

Cl = 50 pF 


5 

8 

ns 

Cl = 500 pF 


8 

13 

ns 

tp 

Fall Time 

{Figure 1) 

Cl = 50 pF 


5 

8 

ns 

Cl = 500 pF 


22 

35 

ns 
















































































































































DS16149/DS16179/DS36149/DS36179 


Switching Characteristics (Vcc = sv.ta = 25-c) (Note 4) (continued) 


Symbol Parameter Conditions 


Rise Time 


{Figure 1) 


Delay from Disable Input 
to Logical “1" 


Delay from Disable Input 
to Logical “0" 


Typ 

Max 

Units 

6 

9 

ns 

26 

35 

ns 

15 

22 

ns 

11 

18 

ns 


Cl = 50 pF 


Cl = 500 pF 


Rl = 2 kfl to Gnd, 

Cl = 50 pF, (Figure 2^ 


Rl = 2 kn to Vcc. 

Cl = 50 pF, (Figure 3) 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55*C to +125“C temperature range for the DS16149 and DS16179 and across the 0“C to 
+70”C range for the DS36149 and DS36179. All typical values are for Ta = 25’C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS16179 and DS36179 a 15 n resistor should be placed in series with each output. 
This resistor is internal to the DS16149/DS36149 and need not be added. 


Connection Diagram 


Dual In-Line Package 

Vcc 0IS2 INS OUTS INS OUTS IN 4 0UT4 


18 IS 114 13 Il2 111 


DIS1 INI 0UT1 IN 2 OUT 2 IN 3 OUT 3 GNO 

TL/F/7553-2 

Top View 

Order Number DS16149J, DS36149J, DS16179J, 
DS36179J, DS36149N or DS36179N 
See NS Package Number J16A or N16A 


Truth Table 


Disable Input 



X = Don't care 


AC Test Circuits and Switching Time Waveforms 

ts±.*S±itR. *F 





OUT 

PULSE 

GENERATOR IN OUT 

(NOTE 1) 



FIGURE 1 
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AC Test Circuits and Switching Time Waveforms (Continued) 

‘LH 



FIGURE 2 



D.S V 


TL/F/7553-4 


»HL 



~ “ TL/F/7553-5 

FIGURE 3 

•Internal on DS16149 and DS36149 

Note 1: The pulse generator has the following characteristics; Zqut = 50 ft and PRR s 1 MHz. Rise and fall times between 10% and 90% points i 5 ns. 
Note 2: C|_ Includes probe and jig capacitance. 
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DS16149/DS16179/DS36149/DS36179 



DS55325/DS75325 


National 
Semiconductor 

DS55325/DS75325 
Memory Drivers 

General Description 

The DS55325 and DS75325 are monolithic memory drivers 
which feature high current outputs as well as internal decod- 
ing of logic inputs. These circuits are designed for use with 
magnetic memories. 

The circuit contains two 600 mA sink-switch pairs and two 
600 mA source-switch pairs. Inputs A and B determine 
source selection while the source strobe (S1) allows the 
selected source turn on. In the same manner, inputs C and 
D determine sink selection while the sink strobe (S2) allows 
the selected sink turn on. 

Sink-output collectors feature an internal pull-up resistor in 
parallel with a clamping diode connected to Vcc2- This pro- 
tects the outputs from voltage surges associated with 
switching inductive loads. 

The source stage features Node R which allows extreme 
flexibility in source current selection by controlling the 
amount of base drive to each source transistor. This method 
of setting the base drive brings the power associated with 
the resistor outside the package thereby allowing the circuit 


to operate at higher source currents for a given junction 
temperature. If this method of source current setting is not 
desired, then Nodes R and R|nt can be shorted externally, 
activating an internal resistor connected from Vcc 2 to Node 
R. This provides adequate base drive for source currents up 
to 375 mA with Vcc2 = 1 5V or 600 mA with Vcc2 = 24V. 
The DS55325 operates over the fully military temperature 
range of -55°C to -l-125“C, while the DS75325 operates 
from 0°C to + 70°C. 

Features 

■ 600 mA output capability 

■ 24V output capability 

■ Dual sink and dual source outputs 

■ Fast switching times 

■ Source base drive externally adjustable 

■ Input clamping diodes 

■ TTL compatible 



Connection Diagram 


Truth Tabie 


Dual-ln-Line Package 

NODE 

^CC2 X B R R|NT 0 Z '^CCI 



STROBES 

Top View 


TL/F/9755-2 


Order Number DS55325J, 
DS75325J or DS75325N 
See NS Package Number J14A or N14A 


Address Inputs 

Strobe Inputs 

Outputs 

Source 

Sink 

Source 

Sink 

Source 

Sink 

A 

B 

C 

D 

S1 

S2 

W 

X 

Y 

Z 

L 

H 

X 

X 

L 

H 

ON 

OFF 

OFF 

OFF 

H 

L 

X 

X 

L 

H 

OFF 

ON 

OFF 

OFF 

X 

X 

L 

H 

H 

L 

OFF 

OFF 

ON 

OFF 

X 

X 

H 

L 

H 

L 

OFF 

OFF 

OFF 

ON 

X 

X 

X 

X 

H 

H 

OFF 

OFF 

OFF 

OFF 

H 

H 

H 

H 

X 

X 

OFF 

OFF 

OFF 

OFF 


H = High Level, L = Low Level, X = Irrelevant 

Note: Not more than one output is to be on at any one time. 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Saies Office/ 
Distributors for avaiiabiiity and specifications. 

Suppiy Voltage Vcci (Note 5) 7V 

Supply Voltage Vcc 2 (Note 5) 25V 

Input Voltage (Any Address or Strobe Input) 5.5V 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded Package 1476 mW 

•Derate Cavity Package 10.1 mW/'C above 25°C; derate molded package 
1 1 .8 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


Symbol 


V|H 


V|L 


V| 


Storage Temperature Range 
Lead Temperature 
(Soldering, 10 seconds) 

Operating Conditions 

Min 

Temperature (Ta) 

DS55325 -55 

DS75325 0 


Conditions 


-65°Cto +150°C 






High Level Input Voltage 


Low Level Input Voltage 


Input Clamp Voltage 


Source Collectors Terminal 
“Off” State Current 


High Level Sink Output Voltage 


Saturation Voltage Source 
Outputs 


Saturation Voltage 
Sink Outputs 


Input Current at Maximum 
Input Voltage 


High Level Input Current 


Low Level Input Current 


(Figures 1 and 2) 


(Figures 3 and 4) 


Vcci = 4.5V, Vcc 2 = 24V, I|n = -12 mA 
Ta = 25°C (Figure 5) 


Vcci ~ 4.5V, Vcc2 ~ 24V Full Range 
(Figure 1) 

Ta = 25°C 


Vcci 4.5V, Vcc 2 = 24V, Iqlit = 0 mA (Figure 2) 


Vcci ~ 4.5V, Vcc 2 ~ 15V, Full Range 
Rl = 24n, I 

ISOURCE ~ -600 mA 
(Figure 3) (Notes 4 and 6) 



Ta = 25°C 


Vcci = 4.5V. VcC 2 = 15V, 
Rl = 24H, 

•sink ~ 600 mh (Figure 4) 
(Notes 4 and 6) 


Vcci = 5.5V, Vcc2 = 24V, 
V| = (Figure 5) 


Vcci = 5.5V, Vcc2 = 24V, 
V| = 2.4V (Figure 5) 


Vcci = 5.5V, Vcc2 = 24V, 
V| = 0.4V (Figure 5) 


Supply Current, All Sources 
and Sinks “Off” 


Supply Current from Vcci . 
Either Sink “On” 


Supply Current from Vcc 2 , 
Either Source “On” 


Full Range 


Ta = 25°C I DS55325 


Address Inputs 


Strobe Inputs 


Address Inputs 


Strobe Inputs 


Address Inputs 


Strobe Inputs 


Vcci 


Vcc 2 



Vcci 5.5V, Vcc 2 = 24V. 
Ta = 25°C (Figure 6) 


Vcci = 5.5V, Vcc 2 = 24V, Isink = 50 mA, 
Ta = 25°C (Figure 7) 


Vcci = 5.5V, Vcc 2 = 24V, IsoURCE -50 mA 
Ta = 25°C (Figure 8) 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless othenvise specified min/max limits apply across the -55°C to + 125'C temperature range for the DS55325 and across the 0°C to +70°C range for 
the DS75325. All typical values are at Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. Aii values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5; Voltage values are with respect to network ground terminal. 

Note 6: These parameters must be measured using pulse techniques, tyy = 200 jis. duty cycle S2%. 
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Switching Characteristics vcci = sv.ta = 25 »c 


Symbol 


tpLH 


Propagation Delay Time, 
Low-to-High Level Output 


Propagation Deiay Time, 
High-to-Low Level Output 


Conditions 


Vcc 2 = 1 Rl = 24ft, Source Collectors 
Cl = 25 pF (Figure 9) gink Outputs 


Vcc 2 = 15V, Rl = 24ft, I Source Collectors 
C[_ = 25 pF (Figure 9) 


Min Typ Max Units 


Sink Outputs 


Cl = 25 pF Source Outputs, Vcc 2 = 20V, 

Rl = 1 kft (Figure 10) 

Sink Outputs, Vcc 2 = 1 5V, 

Rl = 24ft (Figure 9) 


Cl = 25 pF Source Outputs, Vcc 2 = 20V, 

Rl = 1 kft (Figure 10) 

Sink Outputs, Vcc 2 = 1 5V, 

Rl = 24ft (Figure 9) 


Storage Time, Sink Outputs Vcc 2 = 1 5V, Rl = 24ft, Cl = 25 pF (Figure 9) 


Transition Time, 
Low-to-High Level Output 


Transition Time, 
High-to-Low Level Output 



DC Test Circuits 



SOURCE I 
COLLECTORS | 


i 





4.5V 

Test Table 


A 

B 

SI 

GND 

GND 

2V 

2V 

2V 

GND 


FIGURE 1. loFF 
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DC Test Circuits (Continued) 


24V 



OPEN 


TL/F/9755-4 

FIGURE 2.V|Hand Vqh 


Test Table 


c 

D 

S2 

mm 

Z 

2V 

4.5V 

GND 

VOH 

OPEN 

GND 

4.5V 

2V 

Vqh 

OPEN 

4.5V 

2V 

GND 

OPEN 

VoH 

4.5V 

GND 

2V 

OPEN 

Vqh 


15V 



Test Table 


A 

B 

SI 

w 

X 

0.8V 

4.5V 

0.8V 

GND 

OPEN 

4.5V 

0.8V 

0.8V 

OPEN 

GND 


TL/F/9755-5 

Note 1: Figure 3 and 4 parameters must be measured using pulse techniques, tw = 200 jxs, duty cycle ^ 2%. 

FIGURE 3. V||. and Source Vsat 
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DS55325/DS75325 





























DS55325/DS75325 


DC Test Circuits (Continued) 


15V 



TL/F/9755-6 


Note 1: F/gyz-eJand 4 parameters must be measured using pulse techniques, tw = 200 jxs, duty cycle £ 2 %. 

Test Table 


c 

D 

S2 

Y 

Z 

0.8V 

4.5V 

0.8V 

Rl 

OPEN 

4.5V 

0.8V 

0.8V 

OPEN 

Rl 


FIGURE 4. V|L and Sink Vsat 
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DS55325/DS75325 


DC Test Circuits (Continued) 


24V 



FIGURE 6. Icci (OFF) and lcC2 (OFF) 


TL/F/9755-8 
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Voltage Waveforms 



Test Table 


Parameter 

Output Under Test 

Input 

Connect to 5V 

tpLH and tpHL 

Source Collectors 

A and SI 

B, C, D and S2 



B and S1 

A, C, D and S2 

tpLH. tpHL. 

Sink Output Y 

C and S2 

A, B, D and S1 

tiLH. tlHL and ts 

Sink Output Z 

D and S2 

A, B, 0 and S1 


FIGURE 9. Switching Times 
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DS55325/DS75325 


Applications 


EXTERNAL RESISTOR CALCULATION 

A typical magnetic-memory word drive requirement is shown 
in Figure 11. A source-output transistor of one DS75325 
delivers load current (II). The sink-output transistor of an- 
other DS75325 sinks this current. 

The value of the external pull-up resistor (Rext) for a particu- 
lar memory application may be determined using the follow- 
ing equation: 

□ = 16 [VcC 2 (Min) - Vs - 2.2] 

II - 1 .6 [VcC 2 (Min) - Vs - 2.9] 
where: Rext is in kfl, 

Vcc2(Min) is the lowest expected value of Vcc2 'o volts, Vs 
is the source output voltage in volts with respect to ground, 
l|_ is in mA. 

The power dissipated in resistor Rext during the load current 
pulse duration is calculated using Equation 2. 


[Vcc2(Min) - Vs - 2] 


where: Ppext is in mW. 


After solving for Rext. the magnitude of the source collector 
current (Ics) is determined from Equation 3. 

Ics == 0.94 II (3) 

where: Ics is in mA. 

As an example, let Vcc 2 (Min) = 20V and Vl = 3V while II 
of 500 mA flows. Using Equation 1 : 

„ 16(20-3-2.2) 

500 - 1.6(20 - 3 - 2.9) 
and from Equation 2: 

PRext ^ [20 - 3 - 2] ~ 470 mW 

The amount of the memory system current source (Ics) 
from Equation 3 is: 

Ics ~ 0.94 (500) ~ 470 mA 

In this example the regulated source-output transistor base 
current through the external pull-up resistor (Rext) and the 
source gate is approximately 30 mA. This current and Ics 
comprise II. 



ONE 

DS55325/ 

DS75325 

SOURCE 


ONE 

DS55325/ 

DS75325 

SINK 


Note 1: For clarity, partial logic diagrams of two DS55325S are shown. 

Note 2: Source and sink shown are in different packages. 

FIGURE 11. Typical Application Data 
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National 

Semiconductor 


DS75361 Dual TTL-to-MOS Driver 


General Description 

The DS75361 is a monolithic integrated dual TTL-to-MOS 
driver interface circuit. The device accepts standard TTL 
input signals and provides high-current and high-voltage 
output levels for driving MOS circuits. It is used to drive 
address, control, and timing inputs for several types of MOS 
RAMS including the 1103 and MM5270 and MM5280. 

The DS75361 operates from standard TTL 5V supplies and 
the MOS Vss supply in many applications. The device has 
been optimized for operation with Vcc2 supply voltage from 
16V to 20V; however, it is designed for use over a much 
wider range of Vcc2- 


Features 

■ Capable of driving high-capacitance loads 

■ Compatible with many popular MOS RAMs 

■ Vcc 2 supply voltage variable over wide range to 24V 

■ Diode-clamped inputs 

■ TTL compatible 

■ Operates from standard bipolar and MOS supplies 

■ High-speed switching 

■ Transient overdrive minimizes power dissipation 

■ Low standby power dissipation 


Schematic and Connection Diagrams 


Dual-ln-Line Package 
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DS75361 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Sales Office/ 
Distributors for avaiiabiiity and specifications. 

Supply Voltage Range of Vcci (Note 1 ) - 0.5 to 7V 

Supply Voltage Range of Vcc 2 - 0.5V to 25V 

Input Voltage 5.5V 

Inter-Input Voltage (Note 4) 5.5V 

Storage Temperature Range -65°C to -I- 150°C 

Maximum Power Dissipation* at 25°C 
Molded Package 1022mW 


Lead Temperature 1/16 inch from Case for 
60 Seconds: J Package 
Lead Temperature 1/16 inch from Case for 
10 Seconds: N or P Package 

•Derate molded package 8.2 mW/” above about 25°C. 

Operating Conditions 

Min il 

Supply Voltage (Vcci) 4.75 £ 

Supply Voltage (Vcc 2 ) 4.75 

Operating Temperature (Ta) 0 


Electrical Characteristics (Notes 2 and 3) 


Conditions 


Symbol 

Parameter 

V|H 

High-Level Input Voltage 

V|L 

Low-Level Input Voltage 

V| 

Input Clamp Voltage 

VOH 

High-Level Output Voltage 

VoL 

Low-Level Output Voltage 

Vo 

Output Clamp Voltage 

■ 

Input Current at Maximum 
Input Voltage 

l|H 

High-Level Input Current 

l|L 

Low-Level Input Current 

ICC1(H) 

Supply Current from Vccii Both 
Outputs High 

ICC2(H) 

Supply Current from Vcc2. Both 
Outputs High 

ICC1(L) 

Supply Current from Vcci. Both 
Outputs Low 

ICC2(L) 

Supply Current from Vcc2. Both 
Outputs Low 

ICC2(S) 

Supply Current from Vcc2. 
Stand-by Condition 



V|L = 0.8V. loH 

= — 50 )iiA 

V|L = 0.8V, Iqh 

= -10 mA 

V|h = 2V,Iol = 

10 mA 

Vcc 2 = 1 5V to 24V, V|H = 2V, 
Iql = 40 mA 

V| = OV, Iqh = 2 

0 mA 

V| = 5.5V 

V| = 2.4V 

A Inputs 

E Input 

V| = 0.4V 

A Inputs 

E Input 

Vcci = 5.25V. 
All Inputs at OV, 

VcC 2 = 24V, 
No Load 

Vcci = 5.25V, 
All Inputs at 5V, 

VcC 2 = 24V, 
No Load 

Vcci = OV, 

All Inputs at 5V, 

Vcc2 = 24V, 
No Load 


Vcc2 “ 1 Vcc2 ~ 0.7 


Vcc2 “ 2.3 Vcc2 ~ 1 -8 




Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the O’C to +70°C range for the DS75361. All typical values are forTA = 25'CandVcci = SVa’nd 
Vcc2 = 20V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless othenvise noted. All values shown 
as max or min on absolute value basis. 

Note 4: This rating applies between the A input of either driver and the common E input. 
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Switching Characteristics vcci = 5v,vcc2 = 2 ov.ta = 25 c 

Parameter ! Conditions 


Cl = 390 pF, 
Rd = 10fl 
(Figure 1) 


Symbol 

Parameter 

tOLH 

Delay Time, Low-to-High Level Output 

tOHL 

Delay Time, High-to-Low Level Output 

tjLH 

Transition Time, Low-to-High Level Output 

tTHL 

Transition Time, High-to-Low Level Output 

tPLH 

Propagation Delay Time, Low-to-High Level Output 

tpHL 

Propagation Delay Time, High-to-Low Level Output 


Min 

Typ 

Max 

Units 


11 

20 

ns 


10 

18 

ns 


25 

40 

ns 


21 

35 

ns 

10 

36 

55 

ns 

10 

31 

47 

ns 


AC Test Circuit and Switching Time Waveforms 


INPUT SV 20V 


<j 

1 PULSE 1 

A- 

1 Vcci V< 

1 (NOTED 1 ” I 1 , 

< 

^ 

1 GND 

T 


^TN(N0TE2) 



Vcc2-3V 


Note 1: The pulse generator has the following characteristics: PRR = 1 MHz, ZouT = 50n. 
Note 2: Cl. includes probe and jig capacitance. 

FIGURE 1. Switching Times, Each Driver 
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Typical Applications 

The fast switching speeds of this device may produce unde- 
sirable output transient overshoot because of load or wiring 
inductance. A small series damping resistor may be used to 
reduce or eliminate this output transient overshoot. The 


optimum value of the damping resistor to use depends on 
the specific load characteristics and switching speed. A typi- 
cal value would be between 10fl and 30fl (Figure 3). 




VcC 2 Vcci 

> 



* ' 

Y A 



Y 





• 

• DS7S361 


• 

• (S PACKAGES) 


• 




^ GNO ^ 



TL/F/7557-6 

FIGURE 2. Interconnection of DS75361 Devices with 1103 RAM 


I MOS I 
; SYSTEM ' 


Note: Rd = 1 0n to 30fl (Optional). 

FIGURE 3. Use of Damping 
Resistor to Reduce or Eliminate 
Output Transient Overshoot in 
Certain DS75361 Applications 


Thermal Information 

POWER DISSIPATION PRECAUTIONS 

Significant power may be dissipated in the DS75361 driver 
when charging and discharging high-capacitance loads over 
a wide voltage range at high frequencies. The total dissipa- 
tion curve shows the power dissipated in a typical DS75361 
as a function of load capacitance and frequency. Average 
power dissipated by this driver can be broken into three 
components: 

Pt(AV) = PdC(AV) + Pc(AV) + Ps(AV) 
where Pdc(AV) is the steady-state power dissipation with the 
output high or low, Pc(av) is the power level during charging 
or discharging of the load capacitance, and Ps(AV) is the 
power dissipation during switching between the low and 
high levels. None of these include energy transferred to the 
load and all are averaged over a full cycle. 

The power components per driver channel are: 

PltL + PHtH 
PdC(AV) = J 

PC(AV) ~ C Vc2 f 

r, PLHtLH + PHLtHL 

PS(AV) = j 

where the times are defined in Figure 4. 

Pl- Ph. Plh. and Phl are the respective instantaneous lev- 
els of power dissipation and C is load capacitance. 


The DS75361 is so designed that Ps is a negligible portion 
of Pj in most applications. Except at very high frequencies, 
*L + tn > tLH + t|HL so that Ps can be neglected. The total 
dissipation curve for no load demonstrates this point. The 
power dissipation contributions from both channels are then 
added together to obtain total device power. 

The following example illustrates this power calculation 
technique. Assume both channels are operating identically 
with C = 200 pF, f = 2 MHz, Vcci = 5V, Vcc 2 = 20 V, and 
duty cycle = 60% outputs high (tn/T = 0.6). Also, assume 
Vqh = 19.3V, Vql = 0-1 V, Ps is negligible, and that the 
current from Vcc2 is negligible when the output is high. 

On a per-channel basis using data sheet values: 

PdC(AV) = [ (5V) + (20V) ] (0.6) + 

[(5V) + (20V) ] (0.4) 

PdC(AV) = 47 mW per channel 
Pc(AV) == (200 pF) (19.2V)2 (2 MHz) 

Pc(av) ~ 148 mW per channel. 

For the total device dissipation of the two channels: 

Pl(AV) ~ 2 (47 -I- 148) 

Pt(av) ~ 390 mW typical for total package. 



FIGURE 4. Output Voltage Waveform 
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DS75365 


PRELIMINARY 


Semiconductor 

DS75365 Quad TTL-to-MOS Driver 


General Description 

The DS75365 is a quad monolithic integrated TTL-to-MOS 
driver and interface circuit that accepts standard TTL input 
signais and provides high-current and high-voltage output 
levels suitable for driving MOS circuits. It is used to drive 
address, control, and timing inputs for several types of MOS 
RAMs Including the 1103. 

The DS75365 operates from the TTL 5V supply and the 
MOS Vss and Vbb supplies in many applications. This de- 
vice has been optimized for operation with Vcc 2 supply volt- 
age from 16V to 20V, and with nominal Vcca supply voltage 
from 3V to 4V higher than Vcc2- However, it is designed so 
as to be usable over a much wider range of Vcc 2 and Vcc 3 - 
In some applications the Vcca power supply can be elimi- 
nated by connecting the Vcc 3 to the Vcc2 Pin. 

Features 

■ Quad positive-logic NAND TTL-to-MOS driver 

■ Versatile interface circuit for use between TTL and 
high-current, high-voltage systems 


Capable of driving high-capacitance loads 

Compatible with many popular MOS RAMs 

Interchangeable with Intel 3207 

Vcc 2 supply voltage variable over side range to 24V 

maximum 

Vcc 3 supply voltage pin available 

Vcc 3 pin can be connected to Vcc 2 Pin in some 

applications 

TTL compatible diode-clamped inputs 
Operates from standard bipolar and MOS supply 
voltages 

Two common enable inputs per gate-pair 
High-speed switching 

Transient overdrive minimizes power dissipation 
Low standby power dissipation 


Schematic and Connection Diagrams 



Dual-ln-Line Package 



Top View 

Positive Logic: Y = A«E1«E2 

Order Number DS75365J or DS75365N 
See NS Package Number J16A or N16A 
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Operating Conditions 


Absolute Maximum Ratings (Note i) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage Range of Vcci - 0.5V to 7V 

Supply Voltage Range of Vcc 2 ~ 0.5V to 25V 

Supply Voltage Range of Vcc 3 - 0.5V to 30V 

nput Voltage 5.5V 

Inter-Input Voltage (Note 4) 5.5V 

Storage Temperature Range - GS'C to -M 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded Package 1476 mW 

Lead T emperature (Soldering, 1 0 sec) 300°C 

• Derate cavity package 10.1 mW/°C above 25"C; derate molded package 
1 1 .8 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 



Min 

Max 

Units 

Supply Voltage (Vcci) 

4.75 

5.25 

V 

Supply Voltage (Vcc 2 ) 

4.75 

24 

V 

Supply Voltage (Vccs) 

VcC 2 

28 

V 

Voltage Difference Between 

0 

10 

V 

Supply Voltages: Vcc3“VcC2 
Operating Ambient Temperature 

0 

70 

°c 


Range (Ta) 


Symbol 

Parameter 

V|H 

High-Level Input Voltage 

V|L 

Low-Level Input Voltage 

V| 

Input Clamp Voltage 

Vqh 

High-Level Output Voltage 

Vql 

Low-Level Output Voltage 

Vo 

Output Clamp Voltage 

■ 

Input Current at Maximum 
Input Voltage 

l|H 

High-Level Input Current 

l|L 

Low-Level Input Current 

ICC1(H) 

Supply Current from Vcci . 
All Outputs High 

ICC2(H) 

Supply Current from Vcc 2 . 
All Outputs High 

ICC3(H) 

Supply Current from Vcc 3 . 
All Outputs High 

ICC1(L) 

Supply Current from Vcci . 
All Outputs Low 

ICC2(L) 

Supply Current from Vcc 2 . 
All Outputs Low 

■CC3(L) 

Supply Current from Vcc 3 . 
All Outputs Low 

ICC2(H) 

Supply Current from Vcc2. 
All Outputs High 

ICC3(H) 

Supply Current from Vcc 3 . 
All Outputs High 



VcC3 

= Vcc 2 + 3V, ViL 

= 0.8V, Iqh = - 100 ;xA 

Vcc3 

= VcC2 + 8V, ViL 

= 0.8V, Iqh = - 10 mA 

Vcc3 

= Vcc2. V|L = 0.8V, loH = - 50 ^A 

VcC3 

= Vcc 2 i V|L = 0.8V, Iqh = “ 10 mA 

V|H = 

= 2V,Iql = 10 mA 


VcC3 

= 15Vto28V,V|H 

= 2V, lot = 40 mA 

V| = 

OV, loH = 20 mA 


V| = 

5.5V 



El and E2 Inputs 


El and E2 Inputs 

Vcci = 5.25V, Vcc 2 = 24V 
Vcc 3 = 28V, All Inputs at OV, No Load 


Vcci = 5.25V, VcC2 = 24V 
Vcc3 = 28V, All Inputs at 5V, No Load 


Vcci = 5.25V, Vcc 2 = 24V 
Vcc3 = 24V, All Inputs at OV, No Load 


A Inputs 


A Inputs 


V| = 2.4V 
V| = 0.4V 



VCC2 ~ 0-2 VCC2 ~ 0-1 
VCC2 ~ 1-2 VcC2 ~ 0-9 
VCC2 ~ 1 VCC2 ~ 0-7 
VcC2 “ 2.3 VcC2 “1-8 
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Electrical Characteristics (Notes 2, 3) (Continued) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ICC2(S) 

Supply Current from Vcc2. 
Stand-By Condition 

Vcci = OV, Vcc2 = 24V 

Vcc 3 = 24V, All Inputs at 5V, No Load 


■ 

0.25 

mA 

ICC3(S) 

Supply Current from Vcc 3 . 
Stand-By Condition 


■ 


mA 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified, min/max limits apply across the 0“C to + 70°C range for the DS75365. All typical values are for Ta = 25"C and Vcci = 5V and 
Vcc 2 = 20V and VcC 3 = 24V. 

Note 3: All currents Into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: This rating applies between any two inputs of any one of the gates. 


Switching Characteristics vcci = sv. vcc2 = 2ov. vccs = 24 v,ta = 25'c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tOLH 

Delay Time, Low-to-High Level Output 

Cl = 200 pF 
Rd = 24ft 
{Figure 1) 


11 

20 

ns 

tOHL 

Delay Time, High-to-Low Level Output 


10 

18 

ns 

tTLH 

Transition Time, Low-to-High Level Output 


20 

33 

ns 

tTHL 

Transition Time, High-to-Low Level Output 


20 

33 

ns 

tpLH 

Propagation Delay Time, Low-to-High Level Output 

10 

31 

48 

ns 

tPHL 

Propagation Delay Time, High-to-Low Level Output 

10 

30 

46 

ns 


AC Test Circuit and Switching Time Waveforms 



TL/F/7560-4 

Note 1: The pulse generator has the following characteristics: PRR = 1 MHz, Zqut = 58n. 

Note 2: C|. includes probe and jig capacitance. 

FIGURE 1. Switching Times, Each Driver 
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HIGH-LEVEL OUTPUT VOLTAGE (V) 


Typical Performance Characteristics 


High-Level Output Voltage vs 
Output Current 


High-Level Output Voltage vs 
Output Current 


Low-Level Output Voltage 
Output Current 



DS75365 






DS75365 


m 

INPUTS 



TTL 

INPUTS 


FIGURE 2. Interconnection of DS75365 Devices 
with 1103-Type Silicon-Gate MOS RAM 


TL/F/7560-7 


Typical Applications 

The fast switching speeds of this device may produce unde- 
sirable output transient overshoot because of load or wiring 
inductance. A small series damping resistor may be used to 
reduce or eliminate this output transient overshoot. The op- 
timum value of the damping resistor depends on the specific 
load characteristics and switching speed. A typical value 
would be between 1 0H and 30fl (Figure 3 ). 


DS75365 I r~ MOS ~| 
' ' SYSTEM 



L I I TJ 


Note: Rd ^ 10n to 30n (Optional) 

TL/F/7560-8 

FIGURE 3. Use of Damping Resistor to Reduce or 
Eliminate Output Transient Overshoot In Certain 
DS75365 Applications 


Thermal Information 

POWER DISSIPATION PRECAUTIONS 

Significant power may be dissipated in the DS75365 driver 
when charging and discharging high-capacitance loads over 
a wide voltage range at high frequencies. The total dissipa- 
tion curve shows the power dissipated in a typical DS75365 
as a function of load capacitance and frequency. Average 
power dissipation by this driver can be broken into three 
components: 

Pt(AV) = PdC(AV) + Pc(AV) + Ps(AV) 
where Pdc(AV) is the steady-state power dissipation with the 
output high or low, Pc(AV) is the power level during charging 
or discharging of the load capacitance, and Ps(av) is the 
power dissipation during switching between the low and 
high levels. None of these include energy transferred to the 
load and all are averaged over a full cycle. 


The power components per driver channel are: 

PltL + PHtH 
PdC(AV) = J 

PC(AV) a CVC^t 

r, PlHtLH + PHLtHL 

PS(AV) = j 

where the times are as defined in Figure 4. 

Pl. Ph. Plh. snd Phl are the respective instantaneous lev- 
els of power dissipation and C is load capacitance. 

The DS75365 is so designed that Ps is a negligible portion 
of Pj in most applications. Except at very high frequencies, 
tL + tH > tLH + tHL SO that Ps can be neglected. The total 
dissipation cun/e for no load demonstrates this point. The 
power dissipation contributions from all four channels are 
then added together to obtain total device power. 

The following example illustrates this power calculation 
technique. Assume all four channels are operating identical- 
ly with C = 100 pF, f = 2 MHz, Vcci = 5V, Vcc2 = 20V, 
Vcc 3 = 24V and duty cycle = 60% outputs high 
(tn/T = 0.6). Also, assume Vqh = 20V, Vql = 0-1 V, Ps is 
negligible, and that the current from Vcc 2 is negligible when 
the output is low. 

On a per-channel basis using data sheet values: 

PdC(AV) = [(5V)(^) + (20V) ( ~-f — ) + (24V) 

120V) (i^) + (24V) (:!^)] (0,4) 

PdC(AV) = 58 mW per channel 
Pc(AV) = (100 pF) (19.9V)2 (2 MHz) 

Pc(AV) = 79 mW per channel. 

For the total device dissipation of the four channels: 

Pt(AV) - 4 (58 +79) 

Pt(av) — 548 mW typical for total package. 



5-80 



National 

Semiconductor 


DS9643/JJ.A9643 

Dual TTL to MOS/CCD Driver 

General Description 

The DS9643 /)liA 9643 is a dual positive logic “AND” TTL-to- 
MOS driver. The DS9643/juiA9643 is a functional replace- 
ment for the SN75322 with one important exception: the 
two external PNP transistors are no longer needed for oper- 
ation. The DS9643/p,A9643 is also a functional replace- 
ment for the 75363 with the important exception that the 
Vcc 3 supply is not needed. The lead connections normally 
used for the external PNP transistors are purposely not in- 
ternally connected to the DS9643//xA9643. 


Features 

■ Satisfies CCD memory and delay line requirements 

■ Dual positive logic TTL to MOS driver 

■ Operates from standard bipolar and MOS supply volt- 
ages 

■ High speed switching 

■ TTL and DTL compatible inputs 

■ Separate drivers address inputs with common strobe 

■ VoH and VoL compatible with popular MOS RAMs 

■ Does not require external PNP transistors or Vccs 

■ VoH minimum is Vcc 2 ~ 0.5V 


Connection Diagram 



Order Number DS9643N//jiA9643TC 
See NS Package Number NOSE 


Truth Tabie 
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DS9643/jliA9643 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availabiiity and specifications. 

Storage Temperature Range -65°C to + 150°C 

Operating T emperature Range 0°C to + 70°C 

Lead Temperature 

Molded DIP (soldering, 10 sec.) 265°C 

Maximum Power Dissipation* at 25°C 
Molded Package 930 mW 

Supply Voltage 

Range of Vcci - 0.5V to + 7.0V 

Range of Vcc 2 - 0.5V to + 1 5V 

Input Voltage 5.5V 

•Derate molded DIP package 7.5 mW/“C above 25“C. 


Recommended Operating 
Conditions 


Supply Voltage (Vcci) 

Min 

4.75 

Typ 

5.0 

Max 

5.25 

Units 

V 

Supply Voltage (Vcc 2 ) 

11.4 

12 

12.6 

V 

Operating Temperature (Ta) 

0 

25 

70 

°c 


Electrical Characteristics 

over recommended operating temperatures and Vcci. Vcc 2 ranges, unless othenwise specified (Notes 2 and 3) 


Symboi 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input Voltage HIGH 


2.0 



V 

V|L 

Input Voltage LOW 




0.8 

V 

VOH 

Output Voltage HIGH 

IqH = -400;uiA 

VcC2 “ 0.5 

VcC2 ~ 0.2 


V 

VOL 

Output Voltage LOW 

Iql = 10 rnA 


0.4 

0.5 

V 

Iql = 1 .0 mA 


0.2 

0.3 

l| 

Input Current at Maximum 
Input Voltage 

Vcci = 5.25V. Vcc2 = 11.4V 
V| = 5.25V 



0.1 

mA 

IlH 

Input Current HIGH 

V| = 2.4V 

A Inputs 



40 

jaA 

E Inputs 



80 

l|L 

Input Current LOW 

V| = 0.4V 

A Inputs 



-0.5 

mA 

E Inputs 



-1.0 

ICC1(L) 

Supply Current from Vcci 
All Outputs LOW 

Vcci = 5.25V, 
Vcc2 = 12.6V 


15 

19 

mA 

ICC2{L) 

Supply Current from Vcc2 
All Outputs LOW 

Vcci = 5.25V, 
Vcc2 = 12.6V 


5.5 

9.5 

mA 

ICCI (H) 

Supply Current from Vcci 
All Outputs HIGH 

Vcci = 5.25V, 
Vcc2 = 12.6V 


9.0 

13 

mA 

ICC2(H) 

Supply Current from Vcc 2 
All Outputs HIGH 

Vcci = 5.25V. 
Vcc2 = 12.6V 


5.5 

9.5 

mA 


Note 1 : “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 


Note 2: Unless otherwise specified Min/Max limits apply across the 0*C to +70°C range for the DS9643. All typicals are given for Vcci = 5V, Vcc 2 = 12V and 
Ta = 25”C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless othenwise 
specified. 
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TL/F/9646-3 


Note: The pulse generator has the following 
characteristics: 

PRR = 1.0 MHz, Zq = son 

C|_ inciudes strobe and jig capacitance. 



FIGURE 2. AC Test Circuit and Waveforms 
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Applying Modern Clock 
Drivers to MOS Memories 


National Semiconductor 
Application Note 76 
B. Siegel 
M. Scott 


INTRODUCTION 

MOS memories present unique system and circuit chal- 
lenges to the engineer since they require precise timing of 
input waveforms. Since these inputs present large capaci- 
tive loads to drive circuits, it is often that timing problems 
are not discovered until an entire system is constructed. 
This paper covers the practical aspects of using modern 
clock drivers in MOS memory systems. Information includes 
selection of packages and heat sinks, power dissipation, 
rise and fall time considerations, power supply decoupling, 
system clock line ringing and crosstalk, input coupling tech- 
niques, and example calculations. Applications covered in- 
clude driving various types shift registers and RAMs (Ran- 
dom Access Memories) using logical control as well as oth- 
er techniques to assure correct non-overlap of timing wave- 
forms. 

Although the information given is generally applicable to any 
type of driver, monolithic integrated circuit drivers, the 
DS0025, DS0026 and DS0056 are selected as examples 
because of their low cost. 

The DS0025 was the first monolithic clock driver. It is in- 
tended for applications up to one megacycle where low cost 
is of prime concern. Table I illustrates its performance while 
Appendix I describes its circuit operation. Its monolithic, 
rather than hybrid or module construction, was made possi- 
ble by a new high voltage gold doped process utilizing a 
collector sinker to minimize Vce sat- 


The DS0026 is a high speed, low cost, monolithic clock driv- 
er intended for applications above one megacycle. Table II 
illustrates its performance characteristics while its unique 
circuit design is presented in Appendix II. The DS0056 is a 
variation of the DS0026 circuit which allows the system de- 
signer to modify the output performance of the circuit. The 
DS0056 can be connected (using a second power supply) 
to increase the positive output voltage level and reduce the 
effect of cross coupling capacitance between the clock 
lines in the system. Of course the above are just examples 
of the many different types that are commercially available. 
Other National Semiconductor MOS interface circuits are 
listed in Appendix III. 

The following section will hopefully allow the design engi- 
neer to select and apply the best circuit to his particular 
application while avoiding common system problems. 

PRACTICAL ASPECTS OF USING 
MOS CLOCK DRIVERS 
Package and Heat Sink Selection 

Package type should be selected on power handling capa- 
bility, standard size, ease of handling, availability of sockets, 
ease or type of heat sinking required, reliability and cost. 
Power handling capability for various packages is illustrated 
in Table III. The following guidelines are recommended: 


TABLE I. DS0025 Characteristics 


Parameter 

Conditions (V+ - V) = 17V 

Value 

Units 

tON 


15 

ns 

tOFF 

C|[\( = 0.0022 fi.F, R|tg = on 

30 

ns 

tr 

Cl = 0.0001 JU.F, RO = 50n 

25 

ns 

tf 


150 

ns 

Positive Output Voltage Swing 

V|N-V- =0V,louT= -1mA 

V+ - 0.7 

V 

Negative Output Voltage Swing 

I|N = 10 mA, louT — 1 mA 

V- + 1.0 

V 

On Supply Current (V+) 

I|N = 10 mA 

17 

mA 


TABLE II. DS0026 Characteristics 


Parameter 

Conditions (V+ - V-) = 17V 

Value 

Units 

Ion 


7.5 

ns 

tOFF 

C|N = 0.001 jiiF, Rin = on 

7.5 

ns 

tr 

RO = 50H,Cl = 1000 pF 

25 

ns 

tf 


25 

ns 

Positive Output Voltage Swing 

V|N - V- = 0V,louT= -1 mA 

V+ - 0.7 

V 

Negative Output Voltage Swing 

I|N = 10 mA, louT — 1 mA 

V- + 0.5 

V 

On Supply Current (V+) 

l|N = 10 mA 

28 

mA 
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The TO-5 (“H”) package is rated at 750 mW still air (derate 
at 200°C/W above 25°C) soldered to PC board. This popular 
cavity package is recommended for smali systems. Low 
cost (about 10 cents) clip-on heat sink increases driving ca- 
pability by 50%. 

The 8-pin (“N”) moided mini-DIP is rated at 600 mW still air 
(derate at 90°C/W above 25°C soldered to PC board (derate 
at 1.39W). Constructed with a special copper lead frame, 
this package is recommended for medium size commercial 
systems particularly where automatic insertion is used. 
(Please note for prototype work, that this package is only 
rated at 600 mW when mounted in a socket and not one 
watt until it is soldered down.) 

The TO-8 (“G”) package is rated at 1.5W stili air (derate at 
100°C/W above 25°C) and 2.3W with clip-on heat sink 
(Wakefield type 215-1.9 or equivalent — derate at 15 mW/ 
°C). Selected for its power handling capability and moderate 
cost, this hermetic package will drive very large systems at 
the lowest cost per bit. 

Power Dissipation Considerations 
The amount of registers that can be driven by a given clock 
driver is usually limited first by internal power dissipation. 
There are four factors; 

1. Package and heat sink selection 

2. Average dc power, Poe 

3. Average ac power, P^c 

4. Numbers of drivers per package, n 

From the package heat sink, and maximum ambient temper- 
ature one can determine PmaXi which is the maximum inter- 
nal power a device can handle and still operate reliably. The 
total average power dissipated in a driver is the sum of dc 
power and ac power in each driver times the number of 
drivers. The total of which must be less than the package 
power rating. 

Pdiss = n X (Pac + Pdc) ^ Pmax (1) 
Average dc power has three components: input power, 
power in the “OFF” state (MOS logic “0”) and power in the 
“ON” state (MOS logic “1”). 

Pdc = PiN + Pqff + Pqn (2) 

For most types of clock drivers, the first two terms are negli- 
gible (less than 10 mW) and may be ignored. 

Thus: 

(V+ - V-)2 

Pdc = Pqn = x (DC) 

where: 

V+ - V“ = Total voltage across the driver 
Req = Equivalent device resistance in the 

“ON” state 

= V+ - V-/ls(ON) (3) 

DC = Duty Cycle 

“ON" Time 

“ON” Time + “OFF” Time 

For the DS0025, Req is typically 1 kfl while Req is typically 
600n for the DS0026. Graphical solutions for Pdc appear in 
F/g't/A’e /. For exampie if V+ = -F5V, V“ = -12V, Req = 
500n, and DC = 25%, then Ppc = 145 mW. However, if 
the duty cycle was only 5%, Pdc = 29 mW. Thus to maxi- 
mize the number of registers that can be driven by a given 


clock driver as well as minimizing average system power, 
the minimum allowable clock pulse width should be used for 
the particular type of MOS register. 



0 10 20 30 40 so 00 70 

DUTY CYCLE {%) 

TL/F/7322-1 

FIGURE 1. Pdc vs Duty Cycle 

In addition to Pdc. power driving a capacitive load is 
given approximately by: 

Pad = (V+ - v-)2 X f X Cl (4) 

where: 

f = Operating frequency 
Cl = Load capacitance 

Graphicai solutions for Pac are iliustrated in Figure 2. Thus, 
any type of clock driver will dissipate internally 290 mW per 
MHz per thousand pF of load. At 5 MHz, this would be 1.5W 
for a 1000 pF load. For long shift register appiications, the 
driver with the highest package power rating will drive the 
largest number of bits. 



0 0.5 1.0 1.5 2.0 2.5 

PULSE REPETITION FREQUENCY (MHz) 


TL/F/7322-2 

FIGURE 2. Pac vs PRF 

Combining equations (1), (2), (3) and (4) yields a criterion for 
the maximum load capacitance which can be driven by a 
given driver: 


Cl^ 


1 ^ _ 
f .n 


Pmax 


(V+ - V-)2 


(DC) ' 

Req. 


(5) 


As an example, the DS0025CN can dissipate 890 mW at 
Ta = 70°C when soldered to a printed circuit board. Req is 
approximately equal to Ik. For V+ = 5V, V~ = -12V, 
f = 1 MHz, and dc = 20%, Cl is: 


1 [ (890 X 10-3) 0.2 

'-^lOei (2)(17)2 1X103. 


Cl ^ 1340 pF (each driver) 
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A typical application might involve driving an MM5013 triple 
64-bit shift register with the DS0025. Using the conditions 
above and the clock line capacitance of the MM5013 of 
60 pF, a single DS0025 can drive 1340 pF/60 pF, or ap- 
proximately 20 MM5013's. 

In summary, the maximum capacitive load that any clock 
driver can drive is determined by package type and rating, 
heat sink technique, maximum system ambient tempera- 
ture, ac power (which depends on frequency, voltage 
across the device, and capacitive load) and dc power (which 
is principally determined by duty cycle). 

Rise and Fall Time Considerations 
In general rise and fall times are determined by (a) clock 
driver design, (b) reflected effects of heavy external load, 
and (C) peak transient current available. Details of these are 
included in Appendixes I and II. Figures AI-3, AI-4, All-2 and 
AIII-3 illustrate performance under various operating condi- 
tions. Under light loads, performance is determined by inter- 
nal design of the driver; for moderate loads, by load Cl be- 
ing reflected (usually as Cl// 3 ) into the driver; and for large 
loads by peak output current where: 

AV ^ Iqut peak 

AT Cl 

Logic rise and fall times must be known in order to assure 
non-overlap of system timing. 

Note the definition of rise and fall times in this application 
note follow the convention that rise time is the transition 
from logic “0" to logic “1” levels and vice versa for fall 
times. Since MOS logic is inverted from normal TTL, “rise 
time” as used in this note is “voltage fall” and “fall time” is 
“voltage rise”. 

Power Supply Decoupling 

Although power supply decoupling is a wide spread and ac- 
cepted practice, the question often rises as to how much 
and how often. Our own experience indicates that each 
clock driver should have at least 0.1 p,F decoupling to 
ground at the V+ and \i~ supply leads. Capacitors should 
be located as close as is physically possible to each driver. 
Capacitors should be non-inductive ceramic discs. This de- 
coupling is necessary because currents in the order of 0.5 
to 1 .5 amperes flow during logic transitions. 

There is a high current transient (as high as 1 .5A) during the 
output transition from high to low through the V~ lead. If the 
external interconnecting wire from the driving circuit to the 
V“ lead is electrically long or has significant dc resistance, 
the current transient will appear as negative feedback and 
subtract from the switching response. To minimize this ef- 
fect, short interconnecting wires are necessary and high fre- 
quency power supply decoupling capacitors are required if 
V~ is different from the ground of the driving circuit. 

Clock Line Overshoot and Cross Talk 
Overshoot: The output waveform of a clock driver can, and 
often does, overshoot. It is particularly evident on faster 
drivers. The overshoot is due to the finite inductance of the 
clock lines. Since most MOS registers require that clock 
signals not exceed Vss> some method must be found in 
large systems to eliminate overshoot. A straightforward ap- 
proach is shown in Figure 3. In this instance, a small damp- 
ing resistor is inserted between the output of the clock driv- 
er and the load. The critical value for Rs is given by: 



TL/F/7322-3 

FIGURE 3. Use of Damping Resistor to 
Eliminate Clock Overshoot 


In practice, analytical determination of the value for Rs is 
rather difficult. However, Rs is readily determined empirical- 
ly, and typical values range in value between 10 and 5011. 
Use of the damping resistor has the added benefit of essen- 
tially unloading the clock driver; hence a greater number of 
loads may often be driven by a given driver. In the limit, 
however, the maximum value that may be used for Rs will 
be determined by the maximum allowable rise and fall time 
needed to assure proper operation of the MOS register. In 
short: 


tr(MAX) = tf(MAX) ^ 2.2 Rs Cl (7) 

One last word of caution with regard to use of a damping 
resistor should be mentioned. The power dissipated in Rs 
can approach (V+ - V“)2 iCl and accordingly the resistor 
wattage rating may be in excess of 1W. There are, obvious- 
ly, applications where degradation of tr and tf by use of 
damping resistors cannot be tolerated. Figure 4 shows a 
practical circuit which will limit overshoot to a diode drop. 
The clamp network should physically be located in the cen- 
ter of the distributed load in order to minimize inductance 
between the clamp and registers. 


+6V 



FIGURE 4. Use of High Speed Clamp to 
Limit Clock Overshoot 
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When the output of the TTL driver goes high, current is sup- 
plied to the base of Q1, through C|n, turning it "ON." As the 
collector of Q1 goes negative, Q2 turns "OFF.” Diode CR2 
assures turn-on of 01 prior to Q2’s turn-off minimizing cur- 
rent spiking on the V+ line, as well as providing a low im- 
pedance path around Q2’s base emitter junction. 

The negative voltage transition (to MOS logic "1") will be 
quite linear since the capacitive load will force 01 into its 
linear region until the load is discharged and 01 saturates. 
Turn-off begins when the input current decays to zero or the 
output of the TTL driver goes low. 01 turns "OFF” and 02 
turns "ON” charging the load to within a Vbe of the V+ 
supply. 

Rise Time Considerations 

The logic rise time (voltage fall) of the DS0025 is primarily a 
function of the ac load. Cl, the available input current and 
total voltage swing. As shown in Figure 8, the input current 

V* 



must charge the Miller capacitance of 01, Cjc, as well as 
supply sufficient base drive to 01 to discharge Cl rapidly. 
By inspection: 


l|N = Im + >B + IrI 

l|N = >M + Ib. for Im > Iri and Ib > Iri 

(AM) 

AV 

Ib = l|N - *^TC'^ 

(AI-2) 

If the current through R2 is ignored. 


Ic = Ib^feoi = II + Im 

(AI-3) 


where: 


I - r 

Combining equations AI-1, AI-2, and AI-3 yields: 
AV 


At 


[Cl + CTc(hFEQ1 + 1)] = hpEQI l|N 


(AI-4) 


or 

^ ^ [Cl + (hpEQi + ~I)Ctc] AV 
^ hpEQI IlN 


(AI-5) 


Equation (AI-5) may be used to predict t^ as a function of Cl 
and AV. Values for Ctc and hpE are 10 pF and 25 pF re- 
spectively. For example, if a DM7440 with peak output cur- 
rent of 50 mA were used to drive a DS0025 loaded with 
1000 pF, rise times of: 

(1000 pF + 250 pF)(17V) 

(50 mA) (20) 

or 21 ns may be expected for V+ = 5.0V, V- = -12V. 
Figure 9 gives rise time for various values of Cl. 



0 200 400 600 800 1000 

LOAD CAPACITANCE, Cl (pF) 

TL/F/7322-9 

FIGURE 9. Rise Time vs Cl for the DS0025 
Fall Time Considerations 

The MOS logic fall time (voltage rise) of the DS0025 is dic- 
tated by the load. Cl, and the output capacitance of Q1 . The 
fall time equivalent circuit of DS0025 may be approximated 





TL/F/7322-10 

FIGURE 10. Fall Time Equivalent Circuit 

with the circuit of Figure 10. In actual practice, the base 
drive to Q2 drops as the output voltage rises toward V + . A 
rounding of the waveform occurs as the output voltage 
reaches to within a volt of V + . The result is that equation 
(AI-7) predicts conservative values of tf for the output volt- 
age at the beginning of the voltage rise and optimistic val- 
ues at the end. Figure 1 1 shows tf as function of Cl. 
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LOAD CAPACITANCE, Cl (pF) 

TL/F/7322-11 

FIGURE 11. DS0025 Fall Time vs Cl 
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Assuming hpE2 is a constant of the total transition: 

^ = \ 2R2 / 

CtcQI + CL/hpEQI + 1 
or 

tf s 2R2 (cjcqi + - — - — ) 

\ npEQ+l/ 

DS0025 Input Drive Requirements 

Since the DS0025 is generally capacitively coupled at the 
input, the device is sensitive to current not input voltage. 
The current required by the input is in the 50-60 mA region. 
It is therefore a good idea to drive the DS0025 from TTL line 
drivers, such as the DM7440 or DM8830. It is possible to 
drive the DS0025 from standard 54/74 series gates or flip- 
flops but toN and t^ will be somewhat degraded. 

Input Capacitor Selection 

The DS0025 may be operated in either the logically con- 
trolled mode (pulse width out = pulse width in) or C|n may 
be used to set the output pulse width. In the latter mode a 
long pulse is supplied to the DS0025. 


(AI-6) 

(AI-7) 


l|N 



FIGURE 12. DS0025 Input Current Waveform 


The input current is of the general shape as shown. in Figure 
12. Imax is the peak current delivered by the TTL driver into 
a short circuit (typically 50-60 mA). Q1 will begin to turn-off 
when l|N decays below Veg/RI or about 2.5 mA. In general: 

l|N = lMAxe-‘/R0C,N (AI-8) 

where: 


RO = Output impedance of the TTL driver 
C|N = Input coupling capacitor 


Vrf 

Substituting I|n = Imin = and solving for ti yields: 
R 1 


t-| = R0 C|n In 


Imax 


Imin (AI-9) 

The total pulse width must include rise and fall time consid- 
erations. Therefore, the total expression for pulse width be- 
comes: 


tpw = 


tr + tf 


tl 


_ tr + tf , nnp . Imax (AI-10) 

= — — +R0C|Nln- 

2 Imin 


The logic “1” output impedance of the DM7440 is approxi- 
mately 65ft and the peak current (Imax) 's about 50 mA. 
The pulse width for C|n = 2,200 pF is: 


25 ns -1- 1 50 ns 
tpw = X 


-I- (65ft) (2200 pF) In 


50 mA 
2.5 mA 


= 517 ns 


A plot of pulse width for various types of drivers is shown in 
Figure 13. For applications in which the output pulse width is 
logically controlled, C|n should be chosen 2 to 3 times larg- 
er than the maximum pulse width dictated by equation 
(AI-10). 

DC Coupled Operation 

The DS0025 may be direct-coupled in applications when 
level shifting to a positive value only. For example, the 
MM1103 RAM typically operates between ground and 
+ 20V. The DS0025 is shown in Figure 14 driving the ad- 
dress or precharge line in the logically controlled mode. 

If DC operation to a negative level is desired, a level transla- 
tor such as the DS7800 or DH0034 may be employed as 
shown in Figure 15. Finally, the level shift may be accom- 
plished using PNP transistors are shown in Figure 16. 
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TL/F/7322-13 

FIGURE 13. Output PW Controlled by C|n 
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FIGURE 14. Decoupled DS0025 Driving 1103 RAM 
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FIGURE 15. DC Coupled Clock Driver Using DH0034 
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TL/F/7322-16 

FIGURE 16. Transistor Coupled DS0025 Clock Driver 
APPENDIX II 

DS0026 Circuit Operation 

The schematic of the DS0026 is shown in Figure 17. The 
device is typically AC coupied on the input and responds to 
input current as does the DS0025. Internal current gain al- 
lows the device to be driven by standard TTL gates and flip- 
flops. 

With the TTL input in the low state Q1 , Q4, Q5, and Q6 are 
“OFF” allowing Q7 and Q8 to come “ON.” R9 assures that 
the output wiil pull up to within a Vbe of V+ volts. When the 
TTL input starts toward logic “1,” current is suppiied via C|n 
to the bases of 05 and 06 turning them “ON.” Simulta- 
neously, 07 and 08 are snapped “OFF.” As the input volt- 


age rises (to about 1.2V), 01 and 04 turn-on. Muitipie emit- 
ter transistor 01 provides additionai base drive to 05 and 
06 assuring their compiete and rapid turn-on. Since 07 and 
08 were rapidiy turned “OFF” minimal power supply current 
spiking wiii occur when 09 comes “ON.” 



TL/F/7322-17 

FIGURE 17. DS0026 Schematic (One-Half Circuit) 
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Q4 now provides sufficient base drive to Q9 to turn it “ON.” 
The load capacitance is then rapidly discharged toward V~. 
Diodes D6 and D7 prevent avalanching Q7’s and OS’s 
base-emitter junction as the collectors of Q5 and Q6 go 
negative. The output of the DS0026 continues negative 
stopping about 0.5V more positive than V~. 

When the TTL input returns to logic “0,” the input voltage to 
the DS0026 goes negative by an amount proportional to the 
charge on C|n. Transistors Q2 and Q3 turn-on, pulling 
stored base charge out of Q4 and Q9 assuring their rapid 
turn-off. With Q1, Q5, Q6 and Q9 “OFF,” Darlington con- 
nected Q7 and Q8 turn-on and rapidly charge the load to 
within a Vbe of V+. 

Rise Time Considerations 

Predicting the MOS logic rise time (voltage fall) of the 
DS0026 is considerably involved, but a reasonable approxi- 
mation may be made by utilizing equation (AI-5), which re- 
duces to: 

tr = [Cl + 250 X 10-12] av (AIM) 

For Cl = 1000 pF, V+ = 5.0V, V* = -12V, V = 21 ns. 
Figure 18 shows DS0026 rise times vs Cl. 



0 200 400 600 800 1000 1200 

LOAD CAPACITANCE (pF) 


TL/F/7322-18 

FIGURE 18. Rise Time vs Load Capacitance 
Fall Time Considerations 


The MCS logic fall time of the DS0026 is determined primar- 
ily by the capacitance Miller capacitance of Q5 and Q1 and 
R5. The fall time may be predicted by: 


t,-(2.2)(R5)(cs + ^) 

= (4.4X103)(cs + ||^) 
where: 


(All-2) 


Cs = Capacitance to ground seen at the base of Q3 
= 2pF 

hpE^= (hpEQ3 + 1) (hpEQ4 + 1) 


s 500 


For the values given and Cl = 1000 pF, tf s 17.5 ns. 
Figure 19. gives tf for various values of Cl- 
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TL/F/7322-19 

FIGURE 19. Fall Time vs Load Capacitance 
DS0026 Input Drive Requirements 

The DS0026 was designed to be driven by standard 54/74 
elements. The device's input characteristics are shown in 
Figure 20. There is breakpoint at V|n = 0.6V which corre- 
sponds to turn-on of Q1 and Q2. The input current then 
rises with a slope of about 600fl (R2 || R3) until a second 
breakpoint at approximately 1.2V is encountered, corre- 
sponding to the turn-on of Q5 and Q6. The slope at this 
point is about 150fl (R1 || R2 || R3 || R4). 



0 0.5 1.0 1.5 2.0 2.5 

INPUT VOLTAGE (V) 

TL/F/7322-20 

FIGURE 20. Input Current vs Input Voltage 

The current demanded by the input is in the 5-10 mA re- 
gion. A standard 54/74 gate can source currents in excess 
of 20 mA into 1.2V. Obviously, the minimum “1” output volt- 
age of 2.5V under these conditions cannot be maintained. 
This means that a 54/74 element must be dedicated to driv- 
ing 1 /2 of a DS0026. As far as the DS0026 is concerned, 
the current is the determining turn-on mechanism not the 
voltage output level of the 54/74 gate. 

Input Capacitor Selection 

A major difference between the DS0025 and DS0026 is that 
the DS0026 requires that the output pulse width be logically 
controlled. In short, the input pulse width = output pulse 
width. Selection of C|n boils down to choosing a capacitor 
small enough to assure the capacitor takes on nearly full 
charge, but large enough so that the input current does not 
drop below a minimum level to keep the DS0026 “ON.” As 
before: 



(All-3) 

CiN “ 1 

■- IMAX 

(All-4) 


Imin 
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In this case RO equals the sum of the TTL gate output im- 
pedance plus the input impedance of the DS0026 (about 
150fl). Imim from Figure 21 is about 1 mA. A standard 54/74 
series gate has a high state output impedance of about 
150ft in the logic “1" state and an output (short circuit) 
current of about 20 mA into 1 .2V. For an output pulse width 
of 500 ns, 

500 X 10-9 

C|N — — = 560 pF 

(150ft + 150ft) In 







Ta=+125‘>C 

^11 




W 


Ta 

- -55“cS 
1 

N 



louT (mA) TL/F/7322-21 

FIGURE 21. Logical “1” Output Voltage 
vs Source Current 


In actual practice it’s a good idea to use values of about 
twice those predicted by equation (All-4) in order to account 
for manufacturing tolerances in the gate, DS0026 and tem- 
perature variations. 

A plot of optimum value for C|n vs desired output pulse 
width is shown in Figure 22. 


. V’^-V“ = 20V. 
Ta=25°C 
. Cl'IOOOpF . 


E 400 ^ Lrf*pTRAHSIST0R_ 

i I W1TH50 0HMS_ 

S 'to +5V DRIVING DS0026 

5 0 IDO 2D0 300 400 500 GOO 700 800 

“ OUTPUT PULSEWIDTH(nt) TL/F/7322-22 

FIGURE 22. Suggested Input Capacitance vs 
Output Pulse Width 
DC Coupled Applications 

The DS0026 may be applied in direct coupled applications. 
Figure 23 shows the device driving address or pre-charge 
lines on an MM1103 RAM. 
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FIGURE 23. DC Coupled RAM Memory Address or 
Precharge Driver (Positive Supply Only) 

For applications requiring a dc level shift, the circuits of Figure 24 or 25 are recommended. 
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FIGURE 24. Transistor Coupled MOS Clock Driver 
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FIGURE 25. DC Coupled MOS Clock Driver 


APPENDIX III 

MOS Interface Circuits 

MOS Clock Drivers 

MH0007 Direct coupled, single phase, TTL compatible 
clock driver. 

MH0009 Two phase, direct or ac coupled clock driver. 
MH0012 10 MHz, single phase direct coupled clock driv- 

er. 

MH0013 Two phase, ac coupled clock driver. 

DS0025C Low cost, two phase clock driver. 

DS0026C Low cost, two phase, high speed clock driver. 
DS3674 Quad MOS clock driver. 

DS75361 Dual TTL-to-MOS driver. 

DS75365 Quad TTL-to-MOS driver. 

MOS RAM Memory Address and Precharge Drivers 
DS0025C Dual address and precharge driver. 

DS0026C Dual high speed address and precharge driver. 
TTL to MOS Interface 

DH0034 Dual high speed TTL to negative level convert- 


DS8800 Dual TTL to negative level converter. 

DS88L12 Active pull-up TTL to positive high level 

MOS converter gates. 

DS3647A Quad TRI-STATE® MOS driver I/O regis- 

ter. 

DS3648/DS3678 TRI-STATE MOS driver multiplexer. 
DS3649/DS3679 Hex TRI-STATE MOS driver. 

DS361 49/ Hex TRI-STATE MOS driver. 

DS36179 

MOS to TTL Converters and Sense Amps 

DS751 07, Dual sense amp for MM1 1 03 1 k MOS 

Voltage Regulators for MOS Systems 
LM309, LM340 Positive regulators. 

Series 

LM320 Series Negative regulators. 

LM325 Series Dual ± regulators. 
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National 

mSli Semiconductor 


Microprocessor Support 


National offers a selection of high quality circuits designed 
specifically to interface with, and support, the very popular 
8-bit 8080A microprocessor. National’s family of 8080A sup- 
port circuits includes clock/generator driver, system control- 


ler, I/O port and databus transceivers, all of which make it 
easy to add microprocessor capability to any system design. 
For further information on these devices, refer to the en- 
closed selection guide. 


National’s 8080A Support Circuits 


DP8224 
CLOCK 
GENERATOR 
& DRIVER 


01 &02 CLOCKS 


CONT^OLSIGN^ 
(RESET* READY) 


SOSA 

MICROPROCESSOR 


HOLD (SYSTEM 
DMA REQUIRED) 


_MNTR0L SIGNALS 
(WR, DBIN, & HLDS) 



DP8228/ 

DPS238 

SYSTEM 

CONTROLLER 


• ' OPTIONAL ' 

J [ BUFFERS/ I 

I DECODERS I 




ADDRESS 
BUS (16) 



PARALLEL 

I/O 

INTERFACE 


CONTROL (5) 


SERIAL 

I/O 

INTERFACE 


Microprocessor Support 






Microprocessor Support Circuits 



National 

Semiconductor 

Microprocessor Support Circuits 


Temperature Range 

8080 

CPU 

General 

Purpose 

Description 

Page 

Number 

-55°Cto -M25“C 

0°Cto +70°C 

DP8212M 

DP8212 

• 

• 

8-Bit I/O Port 

6-5 

DP8216M 

DP8216 

• 

• 

4-Bit Parallel Receiver/Driver 

6-13 

DP8226M 

DP8226 
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DP8224 

• 


Clock Generator/Driver 

6-18 

DP8228M 

DP8228 

• 


System Controller/Bus Driver 

6-24 

DP8238M 

DP8238 
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DP8303A 


• 

8-Bit 48 mA Bus Transceiver 

2-6 

DP7304B 

DP8304B 


• 

8-Bit 48 mA Bus Transceiver 

2-11 


DP8307A 


• 

8-Bit 48 mA Bus Transceiver 

2-16 

DP7308 

DP8308 


• 

8-Bit 48 mA Bus Transceiver 

2-20 

MM54C373 

MM74C373 


• 

Octal D-Type Latch 

CMOS 

MM54C374 

MM74C374 


• 

Octal D-Type Flip-Flop 

CMOS 

MM54C922 

MM74C922 


• 

1 6-Key Encoder 

CMOS 

MM54C923 

MM74C923 


• 

20-Key Encoder 

CMOS 

DM54LS373 

DM74LS373 


• 

Octal T ransparent D Latch 

Logic 

DM54LS374 

DM74LS374 


• 

Octal Edge-Triggered D Flip-Flop 

Logic 
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National 

Semiconductor 


DP8212/DP8212M 8-Bit Input/Output Port 


General Description 

The DP8212/DP8212M is an 8-bit input/output port con- 
tained in a standard 24-pin dual-in-iine package. The device, 
which is fabricated using Schottky Bipolar technology, is 
part of National Semiconductor's 8080A support family. The 
DP8212/DP8212M can be used to implement latches, gat- 
ed buffers, or multiplexers. Thus, all of the major peripheral 
and input/output functions of a microcomputer system can 
be implemented with this device. 

The DP8212/DP8212M includes an 8-bit latch with 
TRI-STATE® output buffers, and device selection and con- 
trol logic. Also included is a service request flip-flop for the 
generation and control of interrupts to the microprocessor. 


Features 

■ 8-Bit data latch and buffer 

■ Service request flip-flop for generation and control of 
interrupts 

■ 0.25 mA input load current 

■ TRI-STATE TTL output drive capability 

■ Outputs sink 1 5 mA 

■ Asynchronous latch clear 

■ 3.65V output for direct interface to INS8080A 

■ Reduces system package count by replacing buffers, 
latches, and multiplexers in microcomputer systems 


8080A Microcomputer Family Block Diagram 



TL/F/6824-1 
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DP8212/DP8212M 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avaiiability and specifications. 

Storage Temperature -65°Cto +160°C 

All Output or Supply Voltages - 0. 5V to + 7V 

All Input Voltages -1.0V to 5.5V 

Output Currents 1 25 mA 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 903 mW 

Molded Package 2005 mW 

•Derate cavity package 12,7 mW/°C above 25“C; derate molded package 
16.0 mW/’C above 25°C, 


Operating Conditions 

Min Max Units 

Supply Voltage (Vcc) 

DP8212M 4.50 5.50 Vdc 

DP8212 4.75 5.25 Vdc 

Operating Temperaure (Ta) 

DP8212M -55 +125 °C 

DP8212 0 +75 °C 

Note: Maximum ratings indicate limits beyond which perma- 
nent damage may occur. Continuous operation at these lim- 
its is not intended and should be limited to those conditions 
specified under DC electrical characteristics. 


Electrical Characteristics Min ^ Ta Max, Min ^ Vcc ^ Max, unless otherwise noted 


Symbol Parameter 


Ip Input Load Current, 

STB, DS2, CLR, Dli -Die Inputs 


Input Load Current, MD Input 


Input Load Current, DS1 Input 


Input Leakage Current 
STB, DS2, CLR, Dli-Dle Inputs 


Input Leakage Current, MD Input 


Input Leakage Current, DS1 Input 


Input Forward Voltage Clamp 


Input “Low” Voltage 


Input "High” Voltage 


Output “Low” Voltage 


Output “High” Voltage 


Short-Circuit Output Current 


Output Leakage Current, High 
Impedance State 


Power Supply Current 


Conditions 


Vp = 0.45V 


Vp = 0.45V 


Vp = 0.45V 


Vr = Vcc Max 


Vr = Vcc Max 


Vr - Vcc Max 


Ic = -5 mA 



Iql = 10 mA 


Iql == 15 mA 


Iqh = 0.5 mA 


Iqh = 1.0 mA 


Vo = 0V,Vcc= 5V 


Vo = 0.45V/VCC Max 



DP8212M 


DP8212 


DP8212M 


DP8212 



DP8212M 


DP8212 


-75 

mA 

20 

juA 

145 

mA 

130 

mA 


Capacitance^ f = i mhz,vbias = 2.5v,vcc = sv,ta = 25°c 


Symbol 

Parameter 

C|N 

DS1, MD Input Capacitance 

C|N 

DS2, CLR, STB, Dli -Die Input Capacitance 

COUT 

D01 -D08 Output Capacitance 



Typ 

Max 

9 

12 

5 

9 

8 

12 



















































































































Switching Characteristics Min ^ Ta ^ Max, Min ^ Vcc ^ Max 



Reset to Output Delay 


Set to Output Delay 


Output Enable/Disable Time 


Clear to Output Delay 


tc 


Note 1: Cl = 30 pF 

Note 2: Cl = 30 pF except for DP8212M 
•e (DISABLE) Cl = 5 pF 


Switching Conditions 

1. Input Pulse Amplitude = 2.5V. 

2. Input Rise and Fall Times = 5 ns. 

3. Between IV and 2V Measurements made at 1.5V with 15 mA & 30 pF Test Load. 

4. Cl includes jig and probe capacitance. 

5. Cl = 30 pF. 

6. Cl = 30 pF except for DP8212M tg (DISABLE) Cl = 5 pF 


Test Load 


Alternate Test Load 
(Refer to Timing Diagram) 



DP8212/DP8212M 

































































(ALTERNATE TEST LOAD) 
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DP8212/DP8212M 


Logic Tables 


Logic Table A 


STB 

MD 

(DSi«DS2) 

Data Out 
Equals 

0 

0 

0 

TRI-STATE 

1 

0 

0 

TRI-STATE 

0 

1 

0 

DATA LATCH 

1 

1 

0 

DATA LATCH 

0 

0 

1 

DATA LATCH 

1 

0 

1 

DATA IN 

0 

1 

1 

DATA IN 

1 

1 

1 

DATA IN 


CLR resets data latch to the output low state. 


The data latch clock Is level sensitive, a low level clock latches the data. 


Logic Table B 


CLR 

(DSi«DS2) 

STB 

Q* 

IFf 

0 RESET 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

0 

-X. 

1 

0 

1 

1 RESET 

0 

0 

0 

1 

0 

0 

0 

1 


•Internal Service Request flip-flop. 


Functional Pin Definitions 

The following describes the function of all the DP8212/ 
DP8212M input/output pins. Some of these descriptions 
reference internal circuits. 

INPUT SIGNALS 

Device Select (DS7, DS 2 ): When DSi is low and DS 2 is 
high, the device is selected. The output buffers are enabled 
and the service request flip-flop is asynchronously reset 
(cleared) when the device is selected. 

Mode (MD): When high (output mode), the output buffers 
are enabled and the source of the data latch clock input is 
the device selection logic (DSi • DS 2 ). When low (input 
mode), the state of the output buffers is determined by the 
device selection logic (DSi • DS 2 ) and the source of the 
data latch clock input is the strobe (STB) input. 

Strobe (STB): Used as data latch clock input when the 
mode (MD) input is low (input mode). Also used to synchro- 
nously set the service request flip-flop, which is negative 
edge triggered. 


Data In (Dli-Dls): Eight-bit data input to the data latch, 
which consists of eight D-type flip-flops. Incorporating a lev- 
el sensitive clock while the data latch clock input is high, the 
Q output of each flip-flop follows the data Input. When the 
clock input returns low, the data latch stor es the data input. 
The clock input high overrides the clear (CLR) input data 
latch reset. 

Clear (CLR): When low, asynchronously resets (clears) the 
data latch and the service request flip-flop. The service re- 
quest flip-flop is in the non-interrupting state when reset. 

OUTPUT SIGNALS 

Interrupt (INT): Goes low (Interrupting state) when either 
the service request flip-flop is synchronously set by the 
strobe (STB) input or the device is selected. 

Data Out (DOf-DOe): Eight-bit data output of data buffers, 
which are TRI-STATE, non-inverting stages. These buffers 
have a common control line that either enables the buffers 
to transmit the data from the data latch outputs or disables 
the buffers by placing them in the high-impedance state. 

Connection Diagram 


Dual-ln-Llne Package 



TL/F/6824-6 

Top View 

Order Number DP8212J, DP8212N 
orDP8212MJ 

See NS Package Number J24A or N24A 
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Applications in Microcomputer Systems 
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Interrupt Instruction Port 

Vcc DATA 
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DP8212/DP8212M 


Applications in Microcomputer Systems (Continued) 


Output Port (with Hand-Shanking) 


I ^ OUTPUT STROBE 

I (HANDSHAKING 

STB I SIGNAL FROM 

OUTPUT OEVICE) 


•SYSTEM OUTPUT 


llNT ClRl 
IDS 2 MDOS 1 I 


■ SYSTEM RESET 


SYSTEM 

INTERRUPT' 


PORT SELECTION 
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DP82 1 6/DP82 1 6M/DP8226/DP8226M 
4-Bit Bidirectional Bus Transceivers 


General Description 

The DP8216/DP8216M and DP8226/DP8226M are 4-bit bi- 
directional bus drivers to use in bus oriented applications. 
The non-inverting DP8216/DP8216M and inverting 
DP8226/DP8226M drivers are provided for flexibility in sys- 
tem design. 

Each buffered line of the four-bit drivers consists of two 
separate buffers that are TRI-STATE® to achieve direct bus 
interface and bidirectional capability. On one side of the 
driver the output of one buffer and the input of another are 
tied together (DB); this side is used to interface to the sys- 
tem side components such as memories, I/O, etc., because 
its interface is TTL compatible and it has high driver (50 
mA). On the other side of the driver the inputs and outputs 
are separated to provide maximum flexibility. Of course, 
they can be tied together so that the driver can be used to 
buffer a true bidirectional bus. The DO outputs on this side 
of the driver have a special high voltage output drive capa- 
bility so that direct interface to the 8080 type CPUs is 
achieved with an adequate amount of noise immunity. 

The CS input is a device enable. When it is “high” the out- 
put drivers are all forced to their high-impedance state. 
When it is a “low” the device is enabled and the direction of 
the data flow is determined by the DIEN input. 


The DIEN input controls the direction of data flow, which is 
accomplished by forcing one of the pair of buffers into its 
high-impedance state and allowing the other to transmit its 
data. A simple two-gate circuit is used for this function. 

Features 

■ Data bus buffer driver to 8080 type CPUs 

■ Low input load current — 0.25 mA maximum 

■ High output drive capability for driving system data 
bus — 50 mA at 0.5V 

■ Power up-down protection 

■ DP8216/DP8216M have non-inverting outputs 

■ DP8226/DP8226M have inverting outputs 

■ Output high voltage compatible with direct interface to 
MOS 

■ TRI-STATE outputs 

■ Advanced Schottky processing 

■ Available in military and commercial temperature 







Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Saies Office/ 
Distributors for avaiiabiiity and specifications. 



Min 

Max 

Units 

All Output and Supply Voltages 

-0.5 

+ 7.0 

V 

All Input Voltages 

-1.0 

+ 5.5 

V 

Output Currents 


125 

mA 

Maximum Power Dissipation* at 25°C 
Cavity Package 


1509 

mW 

Molded Package 


1476 

mW 


Note: ’Derate cavity package 10.1 mW/“C above 25”C; derate molded 
package 1 1 .8 mW/’C above 25°C. 


Min Max Units 

Storage Temperature -65 +150 °C 

Lead Temperature (soldering, 4 seconds) 260 °C 

Operating Conditions 

Min Max Units 

Supply Voltage, Vcc 

DP8216M, DP8226M 4.5 5.5 V 

DP8216, DP8226 4.75 5.25 V 

Temperature, Ta 

DP8216M, DP8226M -55 +125 °C 

DP8216, DP8226 0 +70 °C 


Electrical Characteristics dp8216, dp8226 vcc = 5v ±5% (Notes 2, 3, and 4) 



DRIVERS 


V|L 


V|H 



Input Low Voltage 


Input High Voltage 


Input Load Current 


Input Leakage Current 


Input Clamp Voltage 


Output Low Voltage 


Output Low Voltage 


Output High Voltage 


Output Short Circuit Current 


Output Leakage Current TRI-STATE 


RECEIVERS 


V|L 


V|H 


Input Low Voltage 


Input High Voltage 


Input Load Current 


Input Clamp Voltage 


Output Low Voltage 


Output High Voltage 


Output Short Circuit Current 


Output Leakage Current TRI-STATE 


CONTROL INPUTS (CS, DIEN) 


Input Low Voltage 


Input High Voltage 


Input Load Current 


Input Leakage Current 


Power Supply Current 
DP8216 
DP8226 




Vf = 0.45V 


Vr = 5.25V 


Ic = —5 mA 


lOL = 25 mA 


DP8216 loL = 55 mA 
DP8226 loL = 50 mA 


Iqh — ~ 1 0 mA 


Vcc = 5V 


Vo = 0.45V/5.5V 


Vp = 0.45V 


Ic = -5 mA 


•OL = 15 mA 


lOH = -1 mA 


Vcc = 5V 


Vo = 0.45V/5.5V 




































































































































Electrical Characteristics (Continued) DP8216M.DP8226MVcc =SV ±10%(Notes2,3and4) 

Symbol 

Parameter 

Conditions 

Limits 

Units 

Min 

Typ 

Max 

DRIVERS 

V|L 

Input Low Voltage 
DP8216M 




0.95 

V 


DP8226M 




0.90 

V 

V|H 

Input High Voltage 


2 



V 

Ip 

Input Load Current 

Vf = 0.45V 


-0.08 

-0.25 

mA 

Ir 

Input Leakage Current 

Vr = 5.5V 



40 

JU.A 

Vc 

Input Clamp Voltage 

Ic = - 5 mA 



-1.2 

V 

VOLI 

Output Low Voltage 

Iql ■ 25 mA 


0.3 

0.45 

V 

V0L2 

Output Low Voltage 

Iql = 45 mA 


0.5 

0.6 

V 

VOH 

Output High Voltage 

Iqh = “5 mA 

2.4 

3.0 


V 

isc 

Output Short Circuit Current 

Vcc = 5.0V 

-30 

-75 

-120 

mA 

Hol 

Output Leakage Current TRI-STATE 

Vo = 0.45V/5.5V 



100 

juA 

RECEIVERS 

V|L 

Input Low Voltage 
DP8216M 




0.95 

V 


DP8226M 




0.9 

V 

V|H 

Input High Voltage 


2 



V 

If 

Input Load Current 

Vf = 0.45V 


-0.08 

-0.25 

mA 

Vc 

Input Clamp Voltage 

Ic = -5 mA 



-1.2 

V 

Vql 

Output Low Voltage 

Iql = 15 mA 


0.3 

0.45 

V 

Vqhi 

Output High Voltage 

Iqh ~ ~0.5 mA 

3.4 

3.8 


V 

VqH2 

Output High Voltage 

Iqh = -2 mA 

2.4 



V 

Isc 

Output Short Circuit Current 

Vcc = 5.0V 

-15 

-35 

-65 

mA 

hoi 

Output Leakage Current TRI-STATE 

Vo = 0.45V/5.5V 



20 

IjlA 

CONTROL INPUTS (CS, DIEN) 

V|L 

Input Low Voltage 
DP8216M 




0.95 

V 


DP8226M 




0.9 

V 

V|H 

Input High Voltage 


2 



V 

If 

Input Load Current 

Vf = 0.45V 


-0.15 

-0.5 

mA 

Ir 

Input Leakage Current 

Vr = 5.5V 



80 

fiA 

icc 

Power Supply Current 
DP8216M 



95 

130 

mA 


DP8226M 



85 

120 

mA 
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DP8216/DP8216M/DP8226/DP8226M 

















































DP8216/DP8216M/DP8226/DP8226M 


Switching Characteristics (Notes 2, 3 and 4) 


Conditions 


Limits 


Min Typ Max 


DP8216M, DP8226M,Vcc = 5V ±10% 


tpDI 


Input to Output Delay, DO Outputs 

C[_ = 30 pF, Ri — 300n, 
R2 = 600ft 

Input to Output Delay, DB Outputs 
DP8216M 
DP8226M 

Ci_ = 300 pF, R-| = 90ft, 
R2 = 180ft 

Output Enable Time 
DP8216M 
DP8226M 

DO Outputs: Cl = 30 pF, 
Rl = 300ft/10kft, 

R2 = 600ft/1 kft 
DB Outputs: Cl = 300 pF, 
Rl = 90ft/10kft, 

R2 = 180ft/1 kft 

Output Disable Time 
DP8216M 
DP8226M 

DO Outputs: Cl = 5 pF, 
Rl = 300ft/10kft, 

R2 = 600ft/ 1 kft 
DB Outputs: Cl = 5 pF, 
Rl = 90ft/10kft, 

R2 = 180ft/1 kft 



DP8216, DP8226 Vcc = 5.0V ±5% 


tpD1 


Input to Output Delay, DO Outputs 

Cl = 30 pF, Rl = 300ft, 
R 2 — 600ft 

Input to Output Delay, DB Outputs 
DP8216 
DP8226 

Cl = 300 pF, Ri = 90ft, 
R 2 = 180ft 

Output Enable Time 
DP8216 
DP8226 

DO Outputs: Cl = 30 pF, 
Rl = 300ft/10kft, 

R 2 = 600ft/1 kft 
DB Outputs: Cl = 300 pF, 
Rl = 90ft/10kft, 

R 2 = 180ft/1 kft 

Output Disable Time 

DO Outputs: Cl = 5 pF, 
Rl = 300ft/10kft, 

R 2 = 600ft/ 1 kft 
DB Outputs: Cl = 5 pF, 
Rl = 90ft/10kft, 

R 2 = 180ft/1 kft 





25 

ns 

33 

ns 

25 

ns 

75 

ns 

62 

ns 

40 

ns 

38 

ns 


15 

25 

ns 

20 

30 

ns 

16 

25 

ns 

45 

65 

ns 

35 

54 

ns 

20 

35 

ns 


Note 1: “Absolute Maximum Ratings" are those vaiues beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The tables of “Electrical Characteristics" provide conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the -55*C to + 125°C temperature range for the DP8216M and DP8226M and across the 0°C 
to +70°C temperature range for the DP8216 and DP8226. All typical values are given for Vcc = 5V and T^ = 25'C. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 
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Test Conditions 

Input pluse amplitude of 2.5V. 

Input rise and fall times of 5.0 ns between 1.0V and 2.0V 
Output loading is 5.0 mA and 10 pF. 

Speed measurements are made at 1.5V levels. 


Switching Time Waveforms 



0.5 V 

TL/F/8753-5 


Test Load Circuit 



TL/F/8753-4 



TL/F/8753-3 

Order Number DP8216J, DP8216N, DP8226J, DP8226N, 
DP8216MJ orDP8226MJ 
See NS Package Number J16A or N16A 


Capacitance ta = 25 c 


Symbol 

Parameter 

Mln 

Limit 

Typ 

Min 

Unit 

ClN 

Input Capacitance 


4 

6 

pF 

Gout 

Output Capacitance 
DO Outputs 
DO Outputs 


6 

13 

10 

18 

pF 

pF 


Note: This parameter is periodicaily sampled and is not 100% tested. Condi- 
tion of measurement is f = 1 MHz, VgiAS = 2.5V, Vcc = 5-OV, and Ta = 
25“C. 
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DP8224 


National 

Semiconductor 


DP8224 Clock Generator and Driver 


General Description 

The DP8224 is a clock generator/driver contained in a stan- 
dard, 16-pin dual-in-line package. The chip, which is fabri- 
cated using Schottky Bipolar technology, generates clocks 
and tinning for the 8080A microcomputer family. 

Included in the DP8224 is an oscillator circuit that is con- 
trolled by an external crystal, which is selected by the de- 
signer to meet a variety of system speed requirements. Also 
included in the chip are circuits that provide; a status strobe 
for the DP8228 or DP8238 system controllers, power-on re- 
set for the 8080A microprocessor, and synchronization of 
the READY input to the 8080A. 


Features 

■ Crystal-controlled oscillator for stable system operation 

■ Single chip clock generator and driver for 8080A micro- 
processor 

■ Provides status strobe for DP8228 or DP8238 system 
controllers 

■ Provides power-on reset for 8080A microprocessor 

■ Synchronizes READY input to 8080A microprocessor 

■ Provides oscillator output for synchronization of exter- 
nal circuits 

■ Reduces system component count 


8080A Microcomputer Family Block Diagram 



STATUS STROBE, 
RESET AND 
READY LOGIC 



READY 


SYNC 


DPU2S/DPI23S 

SYSTEM 

CONTROLLER 


I 1 

I OPTIONAL I 

I BUFFERS/ I 

I DECODERS I 

L-- J 

T ADDRESS 
I BUSiit) 
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Absolute Maximum Ratings (Note 2 ) 

If Mllltary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 

Vcc 7V 

Vdd 15V 

I nput Voltage - 1 V to + 5.5V 

Storage T emperature Range - 65°C to + 1 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded Package 1 476 mW 

Lead T emperature (Soldering, 4 seconds) 260°C 

* Derate cavity package 10.1 mW/'C above 25'C; derate molded package 

11.8 mW/”C above 25“C. 

Electrical Characteristics (Notes) 


Operating Conditions 

Min 

Supply Voltage 
Vcc 4.75 

Vdd 11-4 

Temperature (Ta) 0 


Symbol 


F 



V|H-V|L 


VoL 


Conditions 


Vf = 0.45V 


Vr = 5.25V 


Ic = ~5 mA 


Vcc = 5V 


RESIN Input 


All Other Inputs 


Vcc = 5V 


Iql = 2.5 mA 
Iql = 10 mA 
Iql = 15 mA 


Parameter 


Input Current Loading 


Input Leakage Current 


Input Forward Clamp Voltage 


Input “Low" Voltage 


Input "High” Voltage 


RESIN Input Hysteresis 


Output "Low" Voltage 
(<|)1, 4>2), Ready. Reset STSTB 
Osc., cf>2 (TTL) 

Osc., <f>2 (TTL) 


Output “High” Voltage 
4>1,4>2 
Ready, Reset 
Osc., <f)2 (TTL), STSTB 


Output Short-Circuit Current 
(All Low Voltage Outputs Only), 
(Note 1) 


Power Supply Current 


Power Supply Current 


Note 1: Caution -<f>1 and <t>2 output drivers do not have short circuit protection. 

Note 2: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 3: Unless otherwise specified min/max limits apply across the 0”C to +70°C range for the DP8224. All typical values are for Ta = 25°C, Vcc = 5V, and 
Vdd = 12 V. 





-60 

mA 

115 

mA 

12 

mA 


Crystal Requirements* 

Tolerance 0.005% at 0°C to -I- 70°C 

Resonance Fundamental 

Load Capacitance 20 pF to 30 pF 

•It is good design practice to ground the case of the crystal 
••With tank circuit, use 3rd overtone mode 


Equivalent Resistance 
Power Dissipation (Min) 


75n to 20n 
4 mW 
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Switching Characteristics (Notes) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

4i 

<()1 Pulse Width 

Cl = 20 pF to 50 pF 

3a-20 

9 



ns 

t<()2 

<j)2 Pulse Width 

^-S5 

9 



ns 

bi 

4>1 to 4>2 Delay 

0 



ns 

t02 

(j>2 to <|)1 Delay 

?!cy_,4 

9 



ns 

t03 

<()1 to <f>2 Delay 

2tcY 

9 


2SV + 20 

9 

ns 

V 

<{)1 and 4>2 Rise Time 



20 

ns 

tf 

4>1 and <f)2 Fall Time 



20 

ns 

tD<|)2 

<f>2 to <t>2 (TTL) Delay 

<()2TTL,Cl= 30pF, 

R1 = soon. R2 = 600n 

-5 


15 

ns 

toss 

<f)2 to STSTB Delay 

STSTB, Cl = 15pF 
R1 = 2 kn, R2 = 4 kn 

5!a-3o 

9 


6tcY 

9 

ns 

tpw 

STSTB Pulse Width 

9 



ns 

tORS 

RDYIN Set-Up Time to Status Strobe 

50-^ 

9 



ns 

tORH 

RDYIN Hold Time After STSTB 

4tcY 

9 



ns 

*DR 

READY or RESET to <f>2 Delay 

Ready and Reset, Cl = 10 pF, 
R1 = 2 kn, R2 = 4 kn 

^-25 

9 



ns 

tCLK 

CLK Period 



tCY 

9 


ns 

flVIAX 

Maximum Oscillating Frequency 


27 



MHz 

C|N 

Input Capacitance 

Vcc = 5 V.Vdd= 12V. 
Vbias = 2.5V, f = 1 MHz 



8 

pF 


Test Circuit 



Vcc 


input — 




icL 

< Bz 



GND 

GND 




TL/F/8752-2 
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Waveforms 



Switching Characteristics (For tcY = 488.28 ns) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

4i 

4>1 Pulse Width 

<f)1 and (f>2 Loaded to Cl = 20 to 50 pF 
Ready and Reset Loaded to 2 mA/1 0 pF 
All Measurements Referenced to 1 .5V 
unless Specified Otherwise 

89 



ns 

42 

<p2 Pulse Width 

236 



ns 

toi 

Delay cf)1 to <f>2 

0 



ns 

42 

Delay <f)2 to<{)1 

95 



ns 

t03 

Delay 4>1 to <|>2 Leading Edges 

109 


129 

ns 

tr 

Output Rise Time 



20 

ns 

tf 

Output Fall Time 



20 

ns 

toss 

<f)2 to STSTB Delay 

296 


326 

ns 

4<t>2 

<j)2 to <f>2 (TTL) Delay 

-5 


15 

ns 

tpw 

Status Strobe Pulse Width 

40 



ns 

4rs 

RDYIN Set-Up Time to STSTB 

-167 



ns 

4rh 

RDYIN Hold Time after STSTB 

217 



ns 

tOR 

READY or RESET to <{>2 Delay 

192 



ns 

^MAX 

Oscillator Frequency 



18.432 

MHz 
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DP8224 


Functional Pin Definitions 

The following describes the function of all of the DP8224 
input/output pins. Some of these descriptions reference in- 
ternal circuits. 

INPUT SIGNALS 

Crystal Connections (XTAL 1 and XTAL 2): Two inputs 
that connect an external crystal to the oscillator circuit of 
the DP8224. Normally, a fundamental mode crystal is used 
to determine the basic operating frequency of the oscillator. 
However, overtone mode crystals may also be used. The 
crystal frequency is 9 times the desired microprocessor 
speed (that is, crystal frequency equals 1 /tcy x 9). When 
the crystal frequency is above 10 MHz, a selected capacitor 
(3 to 10 pF) may have to be connected in series with the 
crystal to produce the exact desired frequency. Figure A. 
Tank: Allows the use of overtone mode crystals with the 
oscillator circuit. When an overtone mode crystal is used, 
the tank input connects to a parallel LC network that is ac 
coupled to ground. The formula for determining the reso- 
nant frequency of this LC network is as follows: 

^ ~ 27tVLC 

Synchronizing (SYNC) Signai: When high, indicates the 
beginning of a new machine cycle. The 8080A microproces- 
sor outputs a status word (which describes the current ma- 
chine cycle) onto its data bus during the first state (SYNC 
interval) of each machine cycle. 

Reset In (RESIN): Provides an automatic system re set and 
start-up upon application of power as follows. The RESIN 
input, which is obtained from the junction of an external RC 
network that is connected between Vcc and ground, is rout- 
ed to an internal Schmitt Trigger circuit. This circuit converts 
the slow transition of the power supply rise into a sharp, 
clean edge when its input reaches a predetermined value. 
When this occurs, an internal D-type flip-flop is synchro- 
nously reset, thereby providing the RESET output signal dis- 
cussed below. 


For manual system reset, a momentary contact switch that 
provides a low (ground) when closed is also connected to 
the RESIN input. 

Ready In (RDYIN): An asynchronous READY signal that is 
re-clocked by a D-type flip-flop of the DP8224 to provide the 
synchronous READY output discussed below. 

+ 5 Volts: Vcc supply. 

+ 12 Volts: Vdd supply. 

Ground: 0 volt reference. 

OUTPUT SIGNALS 

Oscillator (OSC): A buffered oscillator signal that can be 
used for external timing purposes. 

<f>i and <j >2 Clocks: Two non-TTL compatible clock phases 
that provide nonoverlapping timing references for internal 
storage elements and logic circuits of the 8080A microproc- 
essor. The two clock phases are produced by an internal 
clock generator that consists of a divide-by-nine counter 
and the associated decode gating logic. Figure B. 

<j >2 (TTL) Clock: A TTL <f >2 clock phase that can be used for 
external timing purposes. 

Status Strobe (STSTB): Activat ed (low) at the start of each 
new machine cycle. The STSTB signal is generated by gat- 
ing a high-level SYNC input with the (j)iA timing signal f rom 
the internal clock generator of the DP8224. The STSTB sig- 
nal is used to clock status information into the status latch 
of the DP8228 system controller and bus driver. 

Reset: When the RESET signal is activated, the content of 
the program counter of the 8080A is cleared. After 
RESET, the program will start at location 0 in memory. 
Ready: The READY signal indicates to the 8080A that valid 
memory or input data is available. This signal is used to 
synchronize the 8080A with slower memory or input/output 
devices. 


Logic and Connection Diagrams 



Dual-ln-Line Package 



Top View 

Order Number DP8224J or DP8224N 
See NS Package Number 
J16A orNIGA 
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Applications information 



TL/F/8752-6 

FIGURE A. DP8224 Connection Diagram 



EXAMPLE: (8080 tcy = 500 ns) 

OSC = 18 MHz/55 ns 
()>1 = 110 ns (2 X 55 ns) 

4>2 = 275 ns (5 x 55 ns) 

4>2-()>i = 110 ns (2 X 55 ns) 

FIGURE B. DP8224 Clock Generator Waveforms 
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DP8228/DP8228M/DP8238/DP8238M 



National 

Semiconductor 


DP8228/DP8228M/DP8238/DP8238M 
System Controller and Bus Driver 


General Description 

The DP8228/DP8228M, DP8238/DP8238M are system 
controller/bus drivers contained in a standard, 28-pin dual- 
in-line package. The chip, which is fabricated using Schottky 
Bipolar technology, generates all the read and write control 
signals required to directly interface the memory and input/ 
output components of the 8080A microcomputer family. The 
chip also provides drive and isolation for the bidirectional 
data bus of the 8080A microprocessor. Data bus isolation 
enables the use of slower memory and input/output compo- 
nents in a system, and provides for enhanced system noise 
immunity. 

A user-selected signal-level interrupt vector (RST 7) is pro- 
vided by the device for use in the interrupt structure of small 
systems that need only one basic vector. No additional 
components (such as an interrupt instruction port) are re- 
quired to use the single interrupt vector in these sy stems . 
The devices also generate an Interrupt Acknowledge (INTA) 
control signal for each byte of a multibyte CALL instruction 


when an interrupt is acknowledged by the 8080A. This fea- 
ture permits the use of a multilevel priority interrupt structure 

in large, interrupt-driven systems. 

Features 

■ Single chip system controller and bus driver for 8080A 
Microcomputer Systems 

■ Allows use of multibyte CALL instructions for Interrupt 
Acknowledge 

■ Provides user-selected single-level interrupt vector 
(RST 7) 

■ Provides isolation of data bus 

■ Supports a wide variety of system bus structures 

■ Reduces system component count 

■ DP8238/DP8238M provides advanced Input/Output 
Write and Memory Write control signals for large sys- 
tem timing control 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Storage Temperature -65°Cto +150°C 

Supply Voltage, Vcc - 0.5 to + 7V 

Input Voltage — 1.5Vto+7V 

Output Current 1 00 mA 

Maximum Power Dissipation* at 25°C 
Cavity Package 21 79 mW 

Molded Package 2361 mW 

•Derate cavity package 14.5 mW/°C above 25°C; derate molded package 
18.9 mW/'C above 25°C. 


Operating Conditions 

Min Max Units 

Supply Voltage (Vcc) 

DP8228M, DP8238M 4.50 5.50 Vqc 

DP8228, DP8238 4.75 5.25 Vqc 

Operating Temperature (Ta) 

DP8228M, DP8238M -55 +125 °C 

DP8228, DP8238 0 +70 °C 

Note; Maximum ratings indicate limits beyond which perma- 
nent damage may occur. Continuous operation at these lim- 
its is not intended and should be limited to those conditions 
specified under DC electrical characteristics. 


Electrical Characteristics Min s Ta ^ Max, Min ^ Vcc ^ Max. unless otherwise noted 


Symbol 






Parameter 

Conditions 

! 

Input Clamp Voltage, All Inputs 

Vcc = Min, Ic = 

—5 mA 

Input Load 

STSTB 

Vcc = Max 


Current 

D2 and D6 

Vp = 0.45V for DP8228, DP8238 
Vp = 0.40V for DP8228M, DP8238M 


DO, D1,D4, 
D5 and D7 

All Other 
Inputs 


Input Leakage 

DB0-DB7 

Vcc ~ Max, Vpi 

= Vcc 

Current 

All Other 
Inputs 


Input Threshold Voltage, 
All Inputs 

< 

o 

o 

II 

cn 

< 

Power Supply Current 


Vcc = Max 

DP8228, DP8238 



DP8228M, DP8238M 

Output Low 

D0-D7 

Vcc ~ Min, 

DP8228M, DP8238M 

Voltage 


Iql = 2 mA 

DP8228, DP8238 


All Other 

Vcc ~ Min, 

DP8228M, DP8238M 

Outputs 

Iql = 10 mA 

DP8228, DP8238 

Output High 

D0-D7 

Vc = Min, 

DP8228M, DP8238M 



Iql = “10 pA 

DP8228, DP8238 

All Other 
Outputs 

Vcc = Min, Iqh 

= -1 mA 

Short Circuit Current, All Outputs 

Vcc = 5V,Vo = 

= OV 

OFF State Output Current 


Vcc = Max, Vq 

= Vcc 

All Control Outputs 

Vcc = Max, Vq 

= 0.45V 

INTA Current 

(See Test Conditions, Figure 3) 


Typ 

(Note 1) 
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Capacitance"^ vbias = 2.5v,vcc = s.ov.ta = 25 °c.f = i mhz 


Symbol 

Parameter 

Min 

Typ 

(Note 1) 

Max 

Units 

C|N 

Input Capacitance 


8 

12 

PF 

Gout 

Output Capacitance Control Signals 


7 

15 

PF 

I/O 

I/O Capacitance (D or DB) 


8 

15 

pF 


'This parameter is periodicaliy sampied and not 100% tested. 


Switching Characteristics Min S Vcc ^ Max. Min ^ Ta ^ Max 


Symbol 

Parameter 

Conditions 

DP8228M, 

DP8238M 

DP8228, 

DP8238 

Units 




Min 

Max 

Min 

Max 


tpw 

Width of Status Strobe 


25 


22 


ns 

tss 

Set-Up Time, Status Inputs D0-D7 


8 


8 


ns 

tSH 

Hold Time, Status Inuts D0-D7 


5 


5 


ns 

tDC 

Delay from STSTB to Any Control Signal 

(Figure 2) 

20 

75 

20 

60 

ns 

tRR 

Delay from DBIN to Control Outputs 

(Figure 2) 


30 


30 

ns 

tRE 

Delay from DBIN to Enable/ 
Disable 8080 Bus 

(Figure 1) 


45 


45 

ns 

tRD 

Delay from System Bus to 8080 
Bus During Read 

(Figure 1) 


45 


30 

ns 

tWR 

Delay from WR to Control Outputs 

(Figure 2) 

5 

60 

5 

45 

ns 

tWE 

Delay to Enable System Bus 
DB0-DB7 after STSTB 

(Figure 2) 


30 


30 

ns 

two 

Delay from 8080 Bus D0-D7 to 
System Bus DB0-DB7 During Write 

(Figure 2) 

5 

40 

5 

40 

ns 

tE 

Delay from System Bus Enable to 
System Bus DB0-DB7 

(Figure 2) 


30 


30 

ns 

Ird 

HLDA to Read Status Outputs 

(Figure 2) 


25 


25 

ns 

bs 

Set-Up Time, System Bus Inputs to HLDA 


10 


10 


ns 

bH 

Hold Time, System Bus Inputs to HLDA 


20 


20 


ns 


Test Conditions 



TL/F/6825-2 TL/F/6825-3 TL/F/6825-4 

FIGURE 1. Test Load FIGURE 2. Test Load FIGURE 3. INTA Test Circuit 

(For RST 7) 
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02 

STATUS STROBE 
BD80 DATA BUS 
DBIN 

TnTS. Rira.raEM 
HLDA 

I NTA, iOR, MEMR 
DURING HLDA 

SYSTEM BUS DURING READ 
INS8080A BUS DURING READ 

WR 

ioWOR MEMiS 

INS8080A BUS DURING WRITE 
SYSTEM BUS DURING WRITE 
SYSTEM BUS ENABLE 
SYSTEM BUS OUTPUTS 



TL/F/6825-5 

VOLTAGE MEASUREMENT POINTS: D0-D7 (when outputs) Logic "0” = 0.8V, Logic "0” = 0.8V, Logic “1" = 3.0V. All other signals measured at 1.5V. 
•Advanced l/OW MEMW for 8238 only. 


Functional Pin Definitions 

The following describes the function of all of the DP8228/ 
DP8228M, DP8238/DP8238M pinouts. Some of these de- 
scriptions reference internal circuits. 

INPUT SIGNALS 

Status Strobe (STSTB): Activated (low) at the start of each 
new machine cycle. The STSTB input is used to store a 
status word (refer to chart) from the 8080A microprocessor 
into the internal status latch of the DP8228, DP8238. The 
status word is latched when the STSTB returns to the high 
state. The 8080A outputs this status word onto its data bus 
during the first state (SYNC interval) of each machine cycle. 
Data Bus In (DBIN): When high, indicates that the 8080A 
data bus is in the input mode. The DBIN signal is used to 
gate data from memory or an input/output device onto the 
data bus. 

Write (WR): When low, indicates that the data on the 
8080A data bus are stable for WRITE memory or output 
operation. 

Hold Acknowledge (HLDA): When high, indicates that the 
8080A data and address buses will go to their high imped- 
ance state. When in the data bus read mode, DBIN input in 
the high state, a high HLDA input will latch the data bus 
information into the driver circuits and gate off the applica- 
ble control signal I/OR, MEMR, or INTA (return to the out- 
put high state). 

Bus Enable (BUSEN): Asynchronous DMA input to the in- 
ternal gating array. When low, normal operation of the inter- 
nal bidirectional bus driver and gating array occurs. When 
high, the bus driver and gating array are driven to their high 
impedance state. 

Vcc Supply: + 5V. 

Ground: OV reference. 


OUTPUT SIGNALS 

Memory Read (MEMR): When low, signals data to be load- 
ed in from memory. The MEMR signal is generated by strob- 
ing in status word 1 , 2, or 4. (Refer to status word chart.) 
Memory Write (MEMW): When low, signals data to be 
stored in memory. The MEMW signal is generated for the 
DP8238 by strobing in status word 3 or 5. (Refer to status 
word chart.) For the DP8228, the MEMW signal is generated 
by gating a low-level WR input with the strobed in status 
word 3 or 5. 

Input/Output Read (I/OR): When low, signals data to be 
loaded in from an addressed input/output device. The I/OR 
signal is generated by strobing in status word 6. 
Input/Output Write (l/OW): When low, signals data to be 
transferred to an addressed input/output device. The l/OW 
signal for the DP8238 is ge nerate d by strobing in status 
word 7. For the DP8238 the l/OW signal is generated by 
gating in a low-level WR input with the strobed in status 
word 7. 

Interrupt Acknowledge (INTA): When low. Indicates that 
an interrupt has been acknowledged by the 8080A micro- 
processor. The INTA signal is generated by strobing in 
staus word 8 or 10. 

Signal Level Interrupt (RST 7): When the INTA output is 
tied to 1 2V through a 1 kn resistor, strobing in status word 8 
or 10 will cause the CPU data bus outputs, when active, to 
go to the high state. 

INPUT/OUTPUT SIGNALS 

CPU Data (D7-D0) Bus: This bus comprises eight 
TRI-STATE® input/output lines that connect to the 8080A 
microprocessor. The bus provides bidirectional communica- 
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DP8228/DP8228M/DP8238/DP8238M 



DP8228/DP8228M/DP8238/DP8238M 


Functional Pin Definitions (Continued) 

tion between the CPU, memory, and input/output devices System Data (DB 7 -DB 0 ) Bus: This bus comprises eight 
for instructions and data transfers. A status word (which de- TRI-STATE input/output iines that connect to the memory 

scribes the current machine cycle) is aiso outputted on this and input/output components of the system. The internai 

data bus during the first microcycle of each machine cycle bidirectional bus driver isolates the DB7-DB0 Data Bus from 


(SYNC = logic 1). 


the D7-D0 Data Bus. 


Status Word Chart 


Machine Cycle 


Instruction Fetch 

Memory Read 

Memory Write 

Stack Read 

Stack Write 

Input Read 

Output Write 

Interrupt Acknowledge 

Halt Acknowledge 

Interrupt Acknowledge While Halt 



Data Bus Bit 


D7 

De 

Ds 

D4 

D3 

Dz 

Di 

1 

0 

1 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

1 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 


Control 

Signal 



Block and Connection Diagrams 


CPU 03 
BUS 


SYSTEM DAT A BUS 



DuaMn-Line Package 



Order Number DP8228J, DP8228M J, 
DP8228N, DP8238J, DP8238MJ or 
DP8238N 

See NS Package Number J28A or N28B 


6-28 









































Section 7 Contents 

Level Translators and Buffers — Introduction 7-3 

Level Translators and Buffers — Selection Guide 7-4 

DP8480A 10k ECL-to-TTL Level T ranslator with Latch 7-5 

DP8481 TTL-to-1 Ok ECL Level T ranslator with Latch 7-8 

DP8482A 1 00k ECL to TTL Level Translator with Latch 7-11 

DP8483 TTL-to-1 00k ECL Level T ranslator with Latch 7-14 

DS1 630B/DS3630B Hex CMOS Compatible Buffer 7-17 

DS7800/DS8800 Dual Voltage Level Translator 7-21 

DS78L1 2/DS88L1 2 Hex TTL-MOS Inverter/Interface Gate 7-24 




National 

Semiconductor 


Level Translators/Buffers 


Several different families of logic circuits are available to- 
day, each offering advantages in certain applications. This 
wide selection of circuit types allows the design engineer to 
more easily construct functions and systems which meet his 
specific requirements. 

Each of these logic “families”, however, is produced using 
different processes, and their specific electrical characteris- 


tics are almost always different. Interfacing between these 
logic families can, at times, be difficult. 

National Semiconductor offers a selection of level transla- 
tors which can greatly simplify this task. The following selec- 
tion guide outlines the level translator circuits available. 
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Level Translators/Buffers 



Level Translators/Buffers 



National 

Semiconductor 


Level Translators/Buffers 


Device Number 

Logic Function 

Output Characteristics 

Output 

Input 

Page 

0°Cto +70°C 

-55°Cto +125°C 

Number 

DP8480A 


Inverting 

TRi-STATE Fall Through Latch 

TTL 

10k ECL 

7-5 

DP8481 


Inverting 

Gated Fall Through Latch 

10k ECL 

TTL 

7-8 

DP8482A 


Inverting 

TRI-STATE Fall Through Latch 

TTL 

10k ECL 

7-11 

DP8483 


Inverting 

Gated Fall Through Latch 

100k ECL 

TTL 

7-14 

DS3630 

DS1630 

Hex Buffer 

50 ns Prop. Delay at 500 pF 

CMOS 

CMOS 

7-17 

DS8800 

DS7800 

Dual 2-Input Gate 

Open-Collector -30V to 30V 

PMOS 

TTL 

7-21 

DS88L12 

DS78L12 

Hex Inverter 

Active Pull-Up 0.4V to 14V 

MOS 

TTL 

7-24 

MM74C901 

MM54C901 

Hex Inverter 

Active Pull-Up 0.4V @ 2.6 mA 

TTL 

CMOS 

CMOS 

MM74C902 

MM54C902 

Hex Buffer 

Active Pull-Up 0.4V @ 3.2 mA 

TTL 

CMOS 

CMOS 

MM74C903 

MM54C903 

Hex Inverter 

Active Pull-Up OV to 15V 

PMOS 

CMOS 

CMOS 

MM74C904 

MM54C904 

Hex Buffer 

Active Pull-Up OV to 15V 

PMOS 

CMOS 

CMOS 

MM74C906 

MM54C906 

Hex Buffer 

Open Drain OV to 1 5V 

NMOS 

CMOS 

CMOS 

MM74C907 

MM54C907 

Hex Buffer 

Open Drain Vcc to Vcc -15V 

PMOS 

CMOS 

CMOS 






























































































National 

Semiconductor 


DP8480A 10k ECL to TTL Level Translator with Latch 

Generai Description 

Features 

This circuit translates ECL input levels to TTL output levels 

■ 16-pin flat-pack or DIP 

and provides a fall-through latch. The TRI-STATE® outputs 

■ TRI-STATE outputs 

are designed to drive standard 50 pF loads. The strobe and 

■ ECL control inputs 

chip select inputs operate at ECL levels. 

■ 8 ns typical propagation delay with 50 pF load 

■ Outputs are TRI-STATE during power up/down for 
glitch free operation 

■ 10k ECL input connpatible 


Logic and Connection Diagram Truth Tabie 



Top View 


TL/F/5861-1 




DP8480A 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Vee Supply Voltage -8V 

Vcc Supply Voltage 7V 

Input Voltage GND to Vee 

Output Voltage 5.5V 


Maximum Power Dissipation* at 25°C 
Molded Package 1476 mW 

Storage Temperature -65°C to + 1 50°C 

•Derate molded package 11.8 mW/“C above 25°C. 

Recommended Operating 
Conditions 

Vee Supply Voltage 
Vcc Supply Voltage 
Ta, Ambient Temperature 


Electrical Characteristics (TTL Logic) Notes 2, 3 and 4 


-5.2V ±10% 
5.0V ±10% 
0“Cto 75°C 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VOL 

Output Low Voltage 

Iql = 12 mA 



0.5 

V 

VOH 

Output High Voitage 

Iqh = -10 mA 

> 

<M 

I 

O 

o 

> 



V 

Iav 

Output Low Drive Current 

Force 2.5V 

70 

150 


mA 

Iqs 

Output High Drive Current 

Force OV 

-70 

-150 

-350 

mA 

loz 

TRI-STATE Output Current 


-50 

1 

+ 50 

)xA 

Icc 

Supply Current 




35 

mA 

Electrical Characteristics (ecl Logic) Notes 2 and 3 

Symbol 

Parameter 

Conditions 

Ta 

Min 

]Typ 1 

Max 

Units 

V|L 

Input Low Voltage 

Vee = -5.2V 

0“C 

25°C 

75“C 

-1870 

-1850 

-1830 

■■ 

m 

mV 

V|H 

Input High Voltage 

Vee = -5.2V 

0*C 

25*C 

75*C 

- 1145 
-1105 
-1045 


-840 

-810 

-720 

mV 

l|L 

Input Low Current 

V|N = V|LMax 



50 

125 

IxA 

IlH 

Input High Current 

V|N = V|H Max 



75 

750 

|liA 

Iee 

Supply Current 





-55 

mA 


Switching Characteristics Notes 2 and 5 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpDI 

Strobe to Output Delay 

Cl = 50 pF 

4 

9 

15 

ns 

tPD2 

Data to Output Delay 

Cl = 50 pF 

3.5 

8 

15 

ns 

ts 

Data Set-Up Time 

(Note 6) 

3.0 

1.0 


ns 

tH 

Data Hold Time 

(Note 6) 

3.0 

1.0 


ns 

tpw 

Strobe Pulse Width 

(Note 6) 

5.0 

3.0 


ns 

tzE 

Deiay from Chip Select to 
Active State from Hi-Z State 

Cl = 50 pF 

6 

15 

25 

ns 

tEZ 

Delay from Chip Select to Hi-Z 
State from Active State 

Cl = 50 pF 

4.5 

12 

22 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to impiy that the device 
should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operation. 


Note 2; Unless otherwise specified, min/max iimits appiy across the O’C to 75'C ambient temperature range in stiii air and across the specified supply variations. 
Aii typical values are for Ta = 25°C and nominal supply. Maximum propagation delays are specified with ali outputs switching simultaneousiy. 

Note 3: Ali currents into device pins are shown as positive; aii currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
othenwise specified. 

Note 4: When DC testing Iav or Iqs. only one output should be tested at a time and the current iimited to 1 20 MA max. 

Note 5: Unless othenvise specified, all AC measurements are referenced from the 50% level of the ECL input to the 0.8V ievel on negative transitions or the 2.4V 

ievel on positive transitions of the output. ECL input rise and fall times are 2.0 ns ± 0.2 ns from 20% to 80%. 

Note 6: Caution should be used when latching data while the outputs are switching. TTL outputs generate severe ground noise when switching. This noise can be 

sufficient to cause the ECL latch to loose data. Board mounting and good supply decoupling are desirabie. The worst case conductions are with ali outputs 
switching iow simultaneously, the maximum capacitive ioading on the outputs and the maximum Vqc supply voltage applied. 





























































































































Switching Time Waveforms 




TL/F/5861-3 


Test Load 


7V 



TL/F/5861-4 


Typicai Performance Versus CL 



15 pF 50 pF 150 pF 



15pF 50pF 150pF 



Cl-LOAD CAPACITANCE (pF) 


Cl-LOAD capacitance (pF) 


TL/F/5861-5 


TL/F/5861-6 


DP8480A 







DP8481 



National 

Semiconductor 


DP8481 TTL to 10k ECL Level Translator with Latch 

General Description Features 

This circuit translates TTL input leveis to ECL output levels ■ 16-pin flat-pack or DIP 

and provides a fall-through latch. The outputs are gated with ■ ECL control inputs 

CS providing for wire ORing of outputs. The strobe and chip ■ CS provided for wire ORing of output bus 

select inputs operate at ECL levels. a 10k ECL I/O compatible 

■ 3.0 ns typical propagation delay 


Logic and Connection Diagram 


Dual-ln-Line Package 



Truth Table 


D 

Q 

STR 

CS 

H 

L 

L 

H 

L 

H 

L 

H 

X 

Q 

H 

H 

X 

L 

X 

L 


H=high level (most positive) 
L=low level (most negative) 
X= don’t care 


Order Number 

DP8481F, DP8481J or DP8481N 
See NS Package 
F16B, J16AorN16A 


GND-H 


kLcND 


Top View 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Vee Supply Voltage - 8V 

Vcc Supply Voltage 7V 

Input Voltage (ECL) GNDtoVEE 

Input Voltage (TTL) - 1 V to 5.5V 

Output Current 50 mA 

Maximum Power Dissipation* at 25°C 
Molded Package 1476 mW 

Storage Temperature -65“C to + 1 50°C 

•Derate molded package 1 1.8 mW/°C above 25°C. 


Electrical Characteristics (TTL Logic) (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|L 

Input Low Voltage 




0.8 

V 

V|H 

Input High Voltage 


2.0 



V 

l|L 

Input Low Current 

V|n = 0.5V 


-25 

-200 

fiA 

l|H 

Input High Current 

V|is| = 2.5V 


1.0 

40 

JU.A 

VcLAMP 

Input Clamp Voltage 

l|N= -12 mA 


-0.9 

-1.2 

V 

icc 

Supply Current 

Vcc = 5.5V 


10 

20 

mA 


Electrical Characteristics (ecl Logic) (Notes 2 and s) 


Symbol 

Parameter 

Conditions 

Ta 

Min 

Typ 

Max 

Units 

V|L 

Input Low Voltage 

Vee = -5.2V 

0“C 

25°C 

-1870 

-1850 


-1490 

-1475 

mV 




75°C 

-1830 


-1450 


V|H 

Input High Voltage 

Vee = -5.2V 

0*C 

25'C 

-1145 

-1105 


-840 

-810 

mV 




75°C 

-1045 


-720 


l|L 

Input Low Current 

V|n=-1.8V 



55 

150 

fiA 

l|H 

Input High Current 

V|n=-0.8V 



85 

200 

juA 

Vql 

Output Low Voltage 

Vee = -5.2V 

O'C 

25”C 

-1870 

-1850 


-1665 

-1650 

mV 




75'C 

-1830 


-1625 


VOH 

Output High Voltage 

Vee = -5.2V 

o-c 

25”C 

-1000 

-960 


-840 

-810 

mV 




75*C 

-900 


-720 


VOLC 

Output Low Voltage 

Vee = -5.2V 

O'C 

25*C 



-1645 

-1630 

mV 




75-C 



-1605 


VOHC 

Output High Voltage 

Vee = -5.2V 

O'C 

25'C 

-1020 

-980 



mV 




75'C 

-920 




Iee 

Supply Current 

Vee = -5.7V 



-70 

-90 

mA 


Recommended Operating Conditions 

Vee Supply Voltage -5.2V ±10% 

Vcc Supply Voltage 5.0V ±10% 

Ta, Ambient T emperature 0°C to 75°C 
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DP8481 














































DP8481 


Switching Characteristics (Notes 2 and 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpDI 

Strobe To Output Delay 


1.5 

3.0 

6.0 

ns 

tpD2 

Data To Output Delay 


2.5 

4.5 

7.5 

ns 

ts 

Data Set-Up Time to Strobe 


5.0 

2.0 


ns 

tH 

Data Hold Time 


1.0 

0 


ns 

tpw 

Strobe Pulse Width 


5.0 

3.0 


ns 

tpD3 

Chip Select to Output Delay 


1.0 

2.5 

4.0 

ns 

tscs 

Data Set-Up Time to Chip Select 


5.5 

3.0 


ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 


Note 2: Unless otherwise specified, min/max limits apply across the 0”C to 75*C ambient temperature range in still air and across the specified supply variations. 
All typical values are for 25’C and nominal supply. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
othenvise specified. 

Note 4: Unless otherwise specified, all AC measurements are referenced from the 1.5V level of the TTL input and to/from the 50% point of the ECL signal and a 
50ft resistor to -2V is the load. ECL input rise and fail times are 2.0 ns ±0.2 ns from 20% to 80%. TTL input characteristic is OV to 3V with t,.=tf S3 ns measured 
from 10% to 90%. 


Switching Time Waveforms 



TL/F/5862-2 
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National 

Semiconductor 


DP8482A 100k ECL to TTL Level Translator with Latch 


General Description 

This circuit translates ECL input ievels to TTL output ievels 
and provides a fali-through latch. The TRI-STATE® outputs 
are designed to drive standard 50 pF loads. The strobe and 
chip select inputs operate at ECL levels. 


Features 

■ 16-pin flat-pack or DIP 

■ TRI-STATE outputs 

■ ECL control inputs 

■ 8 ns typical propagation delay with 50 pF load 

■ Outputs are TRI-STATE during power up/down for 
giitch free operation 

■ 100k ECL input compatible 


Logic and Connection Diagram Truth Table 


Dual-ln-Line Package 



D 

Q 

STR 

CS 

H 

L 

L 

L 

L 

H 

L 

L 

X 

Q 

H 

L 

X 

Hi-Z 

X 

H 


H = high level (most positive) 
L=low level (most negative) 
X= don’t care 


Order Number DP8482AF, DP8482AJ or DP8482AN 
See NS Package Number F16B, J16A or N16A 
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DP8482A 





DP8482A 


Absolute Maximum Ratings (Note i) 

If Military/ Aerospace specified devices are required, Storage Temperature -65°Cto -M50°C 

contact the National Semiconductor Sales Office/ ‘Derate molded package 1 1.0 mW/'C above 25”C. 

Distributors for availability and specifications. 

vee Supply Voltage -8v Recommended Operating Condltions 

Vcc Supply Voltage 7V Vee Supply Voltage -4.5V±7% 

Input Voltage GNDtoVEE Vcc Supply Voltage 5.0V ±10% 

Output Voltage 5.5V T^, Ambient Temperature 0°Cto85°C 

Maximum Power Dissipation* at 25°C 
Molded Package 1476 mW 

Electrical Characteristics (ttl Logic) (Notes 2. 3 and 4 ) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VoL 

Output Low Voltage 

lOL=12mA 



0.5 

V 

VOH 

Output High Voltage 

IOH= “10 mA 

> 

CM 

I 

o 

o 

> 



V 

Iav 

Output Low Drive Current 

Force 2.5V 

70 

150 


mA 

Iqs 

Output High Drive Current 

Force OV 

-70 

-150 

-350 

mA 

Iqz 

TRI-STATE Output Current 


-50 

1 

+ 50 

]aA 

Icc 

Supply Current 




35 

mA 

Electrical Characteristics (ecl Logic) (Notes 2 and 3 ) 

Symbol 

Parameter 

Conditions 

Ta 

Min 

Typ 

Max 

Units 

VlL 

Input Low Voltage 

Vee = -4.5V 


-1810 


-1475 

mV 

VlH 

Input High Voltage 

VeE“ ~4.5V 


-1165 


-880 

mV 

IlL 

Input Low Current 

V|N = V|L Max 



50 

100 

IxA 

l|H 

Input High Current 

V|N = V|H Max 



75 

750 

fiA 

Iee 

Supply Current 





-55 

mA 

Switching Characteristics (Notes 2 and 5 ) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpD1 

Strobe to Output Delay 

Cl =50 pF 

4 

9 

15 

ns 

tpD2 

Data to Output Delay 

Cl =50 pF 

3.5 

8 

15 

ns 

ts 

Data Set-Up Time 

(Note 6) 

3.0 

1.0 


ns 

tH 

Data Hold Time 

(Note 6) 

3.0 

1.0 


ns 

tpw 

Strobe Pulse Width 

(Note 6) 

5.0 

3.0 


ns 

tZE 

Delay from Chip Select to 
Active State from Hi-Z State 

Cl =50 pF 

6 

15 

25 

ns 

tEZ 

Delay from Chip Select to Hi-Z 
State from Active State 

Cl=50 pF 

4.5 

12 

22 

ns 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0”C to BS’C ambient temperature range in still air and across the specified supply variations. 
All typical values are for T/^=25”C and nominal supply. Maximum propagation delays are specified with all outputs switching simultaneously. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
otherwise specified. 

Note 4: When DC testing l/^v 'oS' one output should be tested at a time and the current limited to 120 mA max. 

Note 5: Unless otherwise specified, all AC measurements are referenced from the 50% level of the ECL input to the 0.8V level on negative transitions or the 2.4V 
level on positive transitions of the output. ECL input rise and fall times are 0.7 ns ± 0.1 ns from 20% to 80%. 

Note 6: Caution should be used when latching data while the outputs are switching. TTL outputs generate severe ground noise when switching. This noise can be 
sufficient to cause the ECL latch to lose data. Board mounting and good supply decoupling are desirable. The worst case conditions are with all outputs switching 
low simultaneously, the maximum capacitive loading on the outputs and the maximum Vcc supply voltage applied. 
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Switching Time Waveforms 



Test Load 



TL/F/5863-4 


Typical Performance Versus Cl 



15pF 50pF 150pF 



15 pF 50 pF 150 pF 


Cl-LOAO capacitance (pF) 


Cl-LOAO capacitance (pF) 
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DP8483 



National 

Semiconductor 


DP8483 TTL to 100k ECL Level Translator with Latch 


General Description 

This circuit transiates TTL input ieveis to ECL output ievels 
and provides a faii-through iatch. The outputs are gated with 
CS providing for wire ORing of outputs. The strobe and chip 
select inputs operate at ECL levels. 


Features 

■ 16-pin flat-pack or DIP 

■ ECL control inputs 

■ CS provided for wire ORing of output bus 

■ 100k ECL I/O compatible 

■ 3.0 ns typical propagation delay 


Logic and Connection Diagram 


Truth Table 


Dual-ln-Llne Package 



D 

Q 

STR 

CS 

H 

L 

L 

H 

L 

H 

L 

H 

X 

Q 

H 

H 

X 

L 

X 

L 


H = high level (most positive) 
L=low level (most negative) 
X= don't care 


Order Number DP8483F, DP8483J or DP8483N 
See NS Package Number F16B, J16A or N16A 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Vee Supply Voltage - 8V 

Vcc Supply Voltage 7V 

Input Voltage (ECL) GNDtoVEE 

Input Voltage (TTL) -IV to 5.5V 

Output Current 50 mA 


Maximum Power Dissipation* at 25°C 
Molded Package 1476 mW 

Storage Temperature -65°Cto +150°C 

'Derate molded package 1 1.8 mW/°C above 25°C. 

Recommended Operating 
Conditions 

Vee Supply Voltage 
Vcc Supply Voltage 
Ta, Ambient Temperature 


Electrical Characteristics (ttl Logic) (Notes 2 and 3) 


-4.5V +7% 
5.0V ±10% 
0°C to 85°C 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|L 

Input Low Voltage 




0.8 

V 

V|H 

Input High Voltage 


2.0 



V 

l|L 

Input Low Current 

V|n = 0.5V 


-25 

-200 

JU.A 

IlH 

Input High Current 

V|n = 2.5V 


1.0 

40 

p,A 

VCLAMP 

Input Clamp Voltage 



-0.9 

-1.2 

V 

Icc 

Supply Current 

Vcc = 5.5V 


10 

20 

mA 


Electrical Characteristics (ecl Logic) (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VlL 

Input Low Voltage 

Vee=-4.5V 

-1810 


-1475 

mV 

V|H 

Input High Voltage 

Vee = -4.5V 

-1165 


-880 

mV 

l|L 

Input Low Current 

V|n=-1.8V 


45 

150 

jaA 

l|H 

Input High Current 

V|n=-0.8V 


75 

200 

JJ.A 

VoL 

Output Low Voltage 

Vee = -4.5V 

-1810 

-1705 

-1620 

mV 

VoH 

Output High Voltage 

Vee— —4.5V 

-1025 

-955 

-880 

mV 

VoLC 

Output Low Voltage 

Vee=-4.5V 



-1610 

mV 

VOHC 

Output High Voltage 

Vee— —4.5V 

-1035 



mV 

Iee 

Supply Current 

Vee = -4.8 V 


-65 

-85 

mA 


Switching Characteristics (Notes 2 and 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpDI 

Strobe To Output Delay 


1.5 

3.0 

6.0 

ns 

tpD2 

Data To Output Delay 


2.5 

4.5 

7.5 

ns 

ts 

Data Set-Up Time to Strobe 


5.0 

2.0 


ns 

tH 

Data Hold Time 

(Note 4) 

1.0 

0 


ns 

tpw 

Strobe Pulse Width 


5.0 

3.0 


ns 

tpD3 

Chip Select to Output Delay 


1.0 

2.5 

4.0 

ns 

tscs 

Data Set-Up Time to Chip Select 


5.5 

3.0 


ns 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the device 
should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device operation. 


Note 2 : Unless otherwise specified, min/max limits apply across the 0°C to 05°C ambient temperature range in still air and across the specified supply variations. 
All typical values are for 25°C and nominal supply. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
otherwise specified. 

Note 4: Unless otherwise specified, all AC measurements are referenced from the 1.5V level of the TTL input and to/from the 50% point of the ECL signal and a 
50n resistor to -2V is the load. ECL input rise and fall times are 0.7 ns ±0.1 ns from 20% to 80%. TTL input characteristics is OV to 3Vwith tr = tf^ 3 ns measured 
from 10% to 90%. 
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National 

Semiconductor 


DS1630B/DS3630B Hex CMOS Compatible Buffer 


General Description 

The DS1630B/DS3630B is a high current buffer intended 
for use with CMOS circuits interfacing with peripherals re- 
quiring high drive currents. The DS1630B/DS3630B fea- 
tures low quiescent power consumption (typically 50 p,W) as 
well as high-speed driving of capacitive loads such as large 
MOS memories. The design of the DS1630B/DS3630B is 
such that Vcc current spikes commonly found in standard 
CMOS circuits cannot occur, thereby, reducing the total 
transient and average power when operating at high fre- 
quencies. 


Features 

■ High-speed capacitive driver 

■ Wide supply voltage range 

■ Input/output may interface to TTL 

■ Input/output CMOS compatibility 

■ No internal transient Vcc current spikes 

■ 50 jLiW typical standby power 


Equivalent Schematic and Connection Diagrams 


Vcc 



OUTPUT 


TL/F/5826-1 


Dual-ln-Line Package 

Vcc OUT 6 IN 6 OUT 5 IN 5 OUT 4 IN 4 



Top View 

Order Number DS1630BJ, DS3630BJ or DS3630BN 
See NS Package Number J14A or N14A 


TL/F/5826-2 
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DS1630B/DS3630B 





DS1630B/DS3630B 


Absolute Maximum Ratings 


Operating Conditions 



If Military/Aerospace specified devices are required, 

Supply Voltage (Vcc) 

Min 

Max 

Units 

contact the National Semiconductor Sales 

Office/ 

3 

15 

V 

Distributors for availability and specifications. 


Temperature (Ta) 




Supply Voltage 

16V 

DS1630B 

-55 

+ 125 

°C 

Input Voltage 

16V 

DS3630B 

0 

+ 70 

°c 

Output Voltage 

16V 





Lead Temperature (Soldering, 4 seconds) 

260°C 





Electrical Characteristics (Notes 2 and s) 






Conditions 


Symboi Parameter 


I|NH Logical “1 ” Input Current I V|n = Vcc> bUT = -400 fxA | DS1630B 


Max Units 


V|N = Vcc - 2.0V, louT = 16 mA | DS1630B 


l|NL Logical “0” Input Current V|n = 0.4V, Iqut = 16 mA 


Vqh Logical “1” Output Voltage V|n = Vcc. loUT = ~ 400 ju,A DS1630B Vcc ~ 1 

DS3630B Vcc ~ 0-9 

V|N = Vcc - 0.4V, louT = -16 mA DS1630B Vcc ~ 2.5 

DS3630B Vcc - 2.5 


Vql Logical “0” Output Voltage V|n = OV, louT = 400 jmA 



Vcc - 150 1.3 


Vcc - 0.75 


Vcc - 0.75 


Vcc - 2.0 


Vcc - 2.0 


V|N = OV, louT = 16 mA 


V||\| = 0.4V, buT =16 mA 



DS3630B 


Switching Characteristics Vcc = 5.0V, Ta = 25°C unless otherwise specified 



Typ 

Max 

Units 

30 

45 

ns 

40 

60 

ns 

50 

75 

ns 

15 

25 

ns 

35 1 

50 

ns 

50 

75 1 

ns 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for 'Operating Temperature Range” 
they are not meant to imply that the devices should be operating at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the - 55“C to + 1 25°C temperature range for the DS1 630B and across the O'C to + 70°C range for 
the DS3630B. All typioals are given for Vcc = 5.0V and Ta = 25°C. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 
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Typical Applications 


CMOS to Transmission Line Interface 


74C 74C 

CMOS CMOS 

FAMILY DS3630B FAMILY 



LINE 


TL/F/5826-3 


CMOS to CMOS Interface LED Driver 



TL/F/5826-5 


AC Test Circuit and Switching Time Waveforms 




Pulse Generator characteristics: PRR = 1.0 MHz, PW = 500 ns, 
t, = tf < 10 ns, V|N = 0 to Vcc 




DS1630B/DS3630B 
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National 

Semiconductor 


DS7800/DS8800 Dual Voltage Level Translator 


General Description 

The DS7800/DS8800 are dual voltage translators designed 
for interfacing between conventional TTL or LS voltage lev- 
els and those levels associated with high impedance junc- 
tion or MOS REF-type devices. The design allows the user a 
wide latitude in his selection of power supply voltages, thus 
providing custom control of the output swing. The translator 
is especially useful in analog switching; and since low power 
dissipation occurs in the “off" state, minimum system power 
is required. 


Features 

■ 31 volt (max) output swing 

■ 1 mW power dissipation in normal state 

■ Standard 5V power supply 

■ Temperature range: 

DS7800 -55°C to +125°C 

DS8800 0°Cto-l-70°C 

■ Compatible with all MOS devices 


Schematic and Connection Diagrams 


Metal Can Package 

Vcc 


*R 1 

^20K <4.SK 


02 

■ - 
oe 

ro 4 

P| " 

ro 5 



1 ^ 

> 4 .SK 


Vn\ 

''3 OUTPUT Y 

OUTPUT X 

TL/F/5827-2 

Top View 

Order Number DS7800H or DS8800H 
See NS Package Number H10C 


Typicai Appiications 

4-Channel Analog Switch 


♦5V «I0V 


L 1 1 

I 




Bipolar to MOS Interfacing 

J P 

f ^“1 

t r^N r*~S I I MOS SHIFT I 

— ^ \ \ register I 

Dsnoo I * * 

■ I A ! I MOS SHIFT I 

* h- I 1 "tCISTEH I 

L_ pj 

1 1 


•Analog signals within the range of +8V to -8V. 
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DS7800/DS8800 





DS7800/DS8800 


Absolute Maximum Ratings (Note i) 

If Military/Aerospace specified devices are required, 


contact the National Semiconductor Saies Office/ 
Distributors for avaiiabiiity and specifications. 

Vcc Supply Voltage 7.0V 

V2 Supply Voltage - 30V 

V3 Supply Voltage 30V 

V3-V2 Voltage Differential 40V 

Input Voltage 5.5V 

Storage Temperature -65“Cto +150°C 

Lead Temperature (Soldering, 4 seconds) 260°C 

Maximum Power Dissipation* at 25°C 
Metal Can (TO-5) Package 690 mW 

•Derate metal can package 4.6 mW/°C above 25“C. 


Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage, Vcc 

DS7800 

4.5 

5.5 

V 

DS8800 

4.75 

5.25 

V 

Temperature (Ta) 

DS7800 

-55 

+ 125 

°c 

DS8800 

0 

+ 70 

°c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 6) 

Max 

Units 

ViH 

Logical "1” Input Voltage 

Vcc ~ Min 

2.0 



V 

V|L 

Logical "0” Input Voltage 

c 

II 

0 

0 

> 



0.8 

V 


I|H Logical "1” Input Current Vcc = Max | V|n = 2.4V | | 5 | 


V|N = 5.5V 


l|L 

Logical "O" Input Current 

Vcc ~ Max, V|N = 0.4V 


Iql 

Output Sink Current 

Vcc “ Min, V||M = 2V, 

DS7800 

1.6 



V3 Open 

DS8800 

2.3 

lOH 

Output Leakage Voltage 

Vcc = Max. V|N = 0.8V (Notes 4 and 7) 


Ro 

Output Collector Resistor 

Ta = 25*C 

11.5 

Vql 

Logical “0” Output Voltage 

Vcc = Min, V|N = 2.0V (Note 7) 


>CC(MAX) 

Power Supply Current 
Output “ON” Per Gate 

Vcc = Max, V|N = 4.5V (Note 5) 


ICC(MIN) 

Power Supply Current 
Output “OFF” Per Gate 

Vcc = Max, V|N = OV (Note 5) 




mA 


-0.4 

mA 


mA 


mA 

10 

/lA 

20.0 

kn 

V2 + 2.0 

V 

1.6 

mA 

0.41 

mA 


Switching Characteristics Ta = 25°C, nominal power supplies unless otherwise noted 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpdO 

Transition Time to Logical 
“0” Output 

Ta = 25°C, C = 15 pF (Note 8) 

25 

70 

125 

ns 

tpdl 

Transition Time to Logical 
“1” Output 

Ta = 25’’C, C = 1 5 pF (Note 9) 

25 

62 

125 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55”C to + 125°C temperature range for the DS7800 and across the 0°C to +70°C range for 
the DS8800. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Current measured is drawn from V 3 supply. 

Note 5: Current measured is drawn from Vcc supply. 

Note 6: All typical values are measured at Ta = 25°C with Vcc = 5 0V. V 2 = -22V, V 3 = + 8 V. 

Note 7: Specification applies for all allowable values of V 2 and V 3 . 

Note 8 : Measured from 1 .5V on input to 50% level on output. 

Note 9: Measured from 1.5V on input to logic “0” voltage, plus IV. 
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Theory of Operation 

The two input diodes perform the AND function on TTL in- 
put voltage levels. When at least one input voltage is a logi- 
cal "O”, current from Vcc (nominally 5.0V) passes through 
and out the input(s) which is at the low voltage. Other 
than small leakage currents, this current drawn from Vcc 
through the 20 kft resistor is the only source of power dissi- 
pation in the logical “1” output state. 

When both inputs are at logical "1" levels, current passes 
through Ri and diverts to transistor Qi, turning it on and 
thus pulling current through R2. Current is then supplied to 
the PNP transistor, Q2. The voltage losses caused by cur- 
rent through Q^, D3, and Q2 necessitate that node P reach a 
voltage sufficient to overcome these losses before current 
begins to flow. To achieve this voltage at node P, the inputs 
must be raised to a voltage level which is one diode poten- 
tial lower than node P. Since these levels are exactly the 
same as those experienced with conventional TTL, the in- 
terfacing with these types of circuits is achieved. 

Transistor Q2 provides “constant current switching” to the 
output due to the common base connection of Q2. When at 
least one input is at the logical “0" level, no current is deliv- 
ered to Q2; so that its collector supplies essentially zero 
current to the output stage. But when both inputs are raised 
to a logical "1“ level current is supplied to Q2. 

Selecting Power Supply Voltage 

The graph shows the boundary conditions which must be 
used for proper operation of the unit. The range of operation 
for power supply V2 is shown on the X axis. It must be 
between -25V and -8V. The allowable range for power 
supply V3 is governed by supply V2. With a value chosen for 
V2, V3 may be selected as any value along a vertical line 
passing through the V2 value and terminated by the bounda- 
ries of the operating region. A voltage difference between 
power supplies of at least 5V should be maintained for ade- 
quate signal swing. 

Switching Time Waveforms 


Since this current is relatively constant, the collector of Q2 
acts as a constant current source for the output stage. Logic 
inversion is performed since logical "1” input voltages 
cause current to be supplied to Q2 and Q3. And when Q3 
turns on the output voltage drops to the logical “0” level. 
The reason for the PNP current source, Q2, is so that the 
output stage can be driven from a high impedance. This 
allows voltage V2 to be adjusted in accordance with the 
application. Negative voltages to -25V can be applied to 
V2. Since the output will neither source nor sink large 
amounts of current, the output voltage range is almost ex- 
clusively dependent upon the values selected for V2 and V3. 
Maximum ieakage current through the output transistor Q3 
is specified at 1 0 juA under worst-case voltage between V2 
and V3. This wili result in a logical “1 ” output voltage which 
is 0.2V below V3. Likewise the clamping action of diodes D4, 
D5, and De, prevents the logical “0” output voltage from 
falling lower than 2V above V2, thus establishing the ouput 
voltage swing at typically 2 volts less than the voltage sepa- 
ration between V2 and V3. 




Tpd 0 


Tpd 1 
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DS7800/DS8800 



DS78L12/DS88L12 


National 

Sim Semiconductor 

DS78L12/DS88L12 Hex TTL-MOS Inverter/Interface Gate 

General Description 

The DS78L12/DS88L12 is a low power TTL to MOS hex operated with Vcc levels up to + 14V without resistive pull- 
inverter element. The outputs may be “pulled up” to +14V ups at the outputs and still providing a guaranteed logical 
in the logical “1” state, thus providing guaranteed interface “1” level of Vcc “ 2.2V with an output current of -200 jaA. 
between TTL and MOS logic levels. The gate may also be 


Schematic and Connection Diagrams 



♦ O VouT 


Dual-ln-Llne Package 



GND 

TL/F/8584-2 

Top View 

Order Number DS78L12J, DS88L12J, 
DS88L12N and DS78L12W 
See NS Package Number J14A, N14A or W14B 


Note: Shown is schematic for each inverter. 


Typical Applications 


TTL Interface to MOS ROM 
without Resistive Pull-Up 
+12V 

0 



TTL Interface to MOS ROM 
with Resistive Pull-Up 

+1ZV 



DS88L12 


A 

f 

\ 

> 3.6K 


f 

Vss 

INPUT 

ROM 



A 

VoD 
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Absolute Maximum Ratings (Note i) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 15V 

Input Voltage 5.5V 

Output Voltage 1 5V 

Storage T emperature Range - 65°C to + 1 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 308 mW 

Molded Package 1207 mW 

Lead Temperature (Soldering, 4 sec.) 260°C 

'Derate cavity package 8.72 mW/°C above 25°C; derate molded package 
9.66 mW/'C above 25“C. 

Electrical Characteristics (Notes 2 and 3) 


Vcc = 14.0V 


Vcc “ Min 


Vcc = 14.0V 


Vcc = Min 


Operating Conditions 

Min 

Supply Voltage (Vcc) 

DS78L12 4.5 

DS88L12 4.75 

Temperature (Ta) 

DS78L12 -55 

DS88L12 0 


Symbol 

Parameter 

V|H 

Logical “1” Input Voltage 

VlL 

Logical "0" Input Voltage 

Vqh 

Logical "1" Output Voltage 

VoL 

Logical "0” Output Voltage 

l|H 

Logical “1” Input Current 

IlL 

Logical “0” Input Current 

•sc 

Output Short Circuit Current 

ICCH 

Supply Current— Logical "1" 
(Each Inverter) 

•CCL 

Supply Current— Logical “0” 
(Each Inverter) 


Conditions 


Max Units 


V 



V|N = OV, Vcc 


ViN = 2.0V 


V|N = 2.4V 


V|N = 5.5V 


V|N = 0.4V 


VoUT = OV 
(Note 4) 


V|N = 5.25V 


Vcc ~ 14.0V, louT =12 mA 


0.5 

1.0 

V 

Vcc “ Iqut ~ 3-6 mA 


0.2 

0.4 

V 

< 

o 

o 

II 

b 

< 


<1 

20 

fxA 

Vcc = Max 


<1 

10 

fxA 

Vcc = 14.0V 


<1 

100 

fiA 

Vcc = Max 


<1 

100 

fiA 

Vcc = 14.0V 


-320 

-500 

(xA 

Vcc = Max 


-100 

-180 

IxA 

Vcc = 14.0V 

-10 

-25 

-IT 

mA 

Vcc = Max 

-3 

-8 

-15 

mA 

Vcc = 14.0V 


0.32 

0.50 

mA 

Vcc = Max 


0.11 

0.16 

mA 

Vcc = 14.0V 


1.0 

1.5 

mA 

Vcc = Max 


0.3 

0.5 

mA 


Switching Characteristics Ta = 25°C, nominal power supplies unless otherwise noted 


Symbol 


Conditions 


Max Units 


tpdo 

Propagation Delay to a Logical “0” 

Ta = 25*0 

Vcc 5.0V 

(Figure 2) 


27 1 

45 

ns 


from Input to Output 


Vcc = 14.0V 

(Figure 1) 


11 

20 

ns 

1pdl 

Propagation Delay to a Logical “1” 

Ta = 25°C 

Vcc = 5.0V 

(Figure 2), (Note 5) 


79 

100 

ns 


from Input to Output 


Vcc = 14.0V 

(Figure 1) 


34 

55 

ns 


Note 1: "Absolute Maximum Ratings” are those vaiues beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices shouid be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 55'C to + 1 25'’C temperature range for the DS78L1 2 and across the 0°C to + 70°C range for 
the DS88L12. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. Ail values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: tp(ji for Vcc = 5.0V is dependent upon the resistance and capacitance used. 

Note 6: Vqh = Vcc - 1 -1 V for the DS88L1 2 and Vcc - 1 .4V for the DS78L1 2. 
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DS78L12/DS88L12 


AC Test Circuits 


Vcc = t«.OV 



ForVcc-14V 

TL/F/8584-5 

FIGURE 1 


Switching Time Waveforms 



FoiVce'MV f = 1 MHz TL/F/8584-7 

TL/F/8584-6 V = ff = 10 ns 

FIGURE 2 PW=l00ns 
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National 

Semiconductor 


Frequency Synthesis 


Frequency synthesis is the process of generating a multi- 
tude of different frequencies from one reference frequency. 
A common application where the frequency synthesis con- 
cept is used is in electronically tuned radios and televisions. 
Digital tuning systems are fast replacing the conventional 
mechanical systems in AM, FM and television receivers. 
The digital approach encompasses the following operation- 
al features: 

■ Precise tuning of station frequencies 

■ Exact digital frequency display 

■ Keyboard entry of desired frequency 

■ Virtually unlimited station memory 

■ Up/down scanning through the band 

■ Station “search" (stop on next active station) 

■ Power-on to the last station 

■ Easy option for time-of-day clock 

In addition, recent developments in large-scale integrated 
circuit technology and new varactor diodes for the AM band 
have made the cost-benefit picture for digital tuning very 
attractive. 

The heart of any digital tuning system is, of course, the 
phase locked loop (PLL) synthesizer. The basic subcompo- 
nents of a digital system are: a voltage controlled oscillator 
(VCO), a phase comparator and some programmable and 
fixed dividers. The PLL’s basic function is to take two input 
signals and match them as illustrated in Figure 1. The output 
of the phase comparator of the PLL is an error signal which 
is filtered and fed back to the VCO as a DC control voltage. 
The DC control voltage adjusts the VCO until it causes the 
phase comparator’s two inputs to match one another. 

The weak point of this simple illustration is that many PLLs 
are fabricated using MOS processes which make them rela- 
tively incapable of receiving high frequency signals. In fact. 


state-of-the-art microCMOS devices are usually limited to 
100 MHz operation. Even the FM band exceeds this limita- 
tion. As a result, a prescaler is almost always used in PLL 
tuning applications such as FM radios, police scanning radi- 
os, aircraft radios, etc. The prescaler is specifically designed 
to divide high frequency AC input signals down to a usable 
frequency for the PLL. The prescaler becomes an extension 
of the PLL’s programmable counter as illustrated in Figure 
2 . 

For less sophisticated tuning applications, a fixed division 
prescaler will make the VCO signal palatable to the PLL and 
be sufficient for general tuning characteristics. However, in 
some applications, a fixed division prescaler can cause sig- 
nificant undesirable side effects such as: 

1. Increased channel spacing (step size) at the output of 
the PLL’s counter: or 

2. A forced decrease of the fixed oscillator reference fre- 
quency in order to obtain specific channel spacing 
which can lead to 

A. increased lock-on time, 

B. decreased scanning rates, and 

C. sidebands at undesirable frequencies. 

AN-335 in this section explains in detail how these two 
shortcomings of fixed division prescaling are alleviated by 
using a dual modulus prescaler. A dual modulus prescaler is 
substituted for the fixed prescaler and is controlled by pro- 
grammable counters in the dual modulus PLL, as illustrated 
by the dotted line in Figure 2. 

In order to address the requirements of digital frequency 
synthesis applications. National has introduced a growing 
family of PLL synthesizers and prescalers. The DS8906, 
DS8907 and DS8908 are complete PLL synthesizers with 
features that go beyond those illustrated in Figure 2. 



TL/XX/0108-1 


FIGURE 1 
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Frequency Synthesis 







Frequency Synthesis 


Highlights 

■ The DS8908 integrates a reference oscillator, phase com- 
parator, charge pump, operational amplifier, 120 MHz 
ECL/|2 l dual modulus programmable divider, and a shift 
register/latch for serial data entry. 

■ The DS8614, DS8615, DS8616, DS8617, DS8627, and 
DS8628 represent a broad family of single and dual modu- 
lus prescalers for use In conjunction with other manufac- 


turers’ NMOS or CMOS PLLs. These low-power/high- 
speed prescalers are available with division ratios ranging 
from a fixed ^20 up to a dual modulus -^64/65. This 
array of products allows for the choice of a division ratio 
which is virtually tailored to the speed and tuning require- 
ments of a particular frequency synthesis application. 
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Semiconductor 


Frequency Synthesizers Selection Guide 


PLL FREQUENCY SYNTHESIZERS 


Product Type 

Frequency Bands 

Power (mA) 

Tuning Resolution 

DS8906 

AM/FM 

160 

500 Hz/12.5 kHz 

DS8907 

AM/FM 

160 

10 Hz/25 kHz 

DS8908 

AM/FM 

160 

1 kHz, 9 kHz, 10 kHz, 20 kHz 

DS8911 

AN-335 Digital 
PLL Synthesis 

AM/FM/VHFTV 

35 

FM; 10, 12.5,25, 100 kHz 
AM; 1, 1.25,2.5, 10 kHz 


Page No. 



HIGH FREQUENCY PRESCALERS 


Product Type Divide Modulus 


Single (Fixed) Modulus Dividers 


DS8627 

DS8628 

DS8629 


Dual-Modulus Dividers 


DS8614 

DS8615 

DS8616 

DS8617 


Power (mA) 



130/225 MHz 
130/225 MHz 
30/120 MHz 



Page No. 



0 

130/225 MHz 

8-6 

0 

130/225 MHz 

8-6 

0 

130/225 MHz 

8-6 

0 

130/225 MHz 

8-6 
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DS8614/DS8615/DS8616/DS8617 


National 

Semiconductor 


DS8614/DS8615/DS8616/DS8617 130/225 MHz 
Low Power Dual Modulus Prescalers 


General Description 

The DS8614 series products are low power dual modulus 
prescalers which divide by 20/21 , 32/33, 40/41 , and 64/65, 
respectively. The modulus control (MC) input selects divi- 
sion by N when at a high TTL level and division by N -t- 1 
when at a low TTL level. The clock inputs are buffered, 
providing 40/100 mVrms input sensitivity. The two outputs 
provide the user the option to wire either a totem-pole or 
open-collector output structure. Additionally, the user can 
wire a resistor between the two output pins to minimize 
edge transition emissions. The outputs are designed to 
drive positive edge triggered PLLs. These products can be 
operated from either an unregulated 5.5V to 13.5V source 
or regulated 5V ±10% source. Unregulated operation is ob- 
tained by connecting Vs to the source with Vreq open. 
Regulated operation is obtained by connecting both Vs and 
Vreg to the supply source. 


The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to pre- 
scale the input frequency down to a more usable level. A 
digital frequency display system can also be derived sepa- 
rately or in conjunction with a phase-locked loop, and it can 
extend the useful range of many inexpensive frequency 
counters to 225 MHz. 

Features 

■ Input frequency: 130 MHz (-4); 225 MHz (-2) 

■ Low power: 1 0 mA (-4, -2) 

■ Input sensitivity: 100 mVrms (-4); 40 mVrms (-2) 

■ Pin compatible with Motorola MCI 201 5-1 7 prescalers 

■ Unregulated/regulated power supply option 


Logic and Connection Diagrams 


Generalized N/N + 1 



DuaMn-Line Package 



Top View 

Order Number DS8614N, DS8615N, 
DS8616N or DS8617N (-4, -2) 
See NS Package Number N08E 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Vs, Unregulated Supply Voltage 1 5V 

Vreg. Regulated Supply Voltage 7V 


Modulus Control Input Voltage 
Open-Collector Output Voltage 
Operating Free Air Temperature Range 
Storage Temperature Range 


7V 

7V 

-30°Cto -l-70°C 
-65“Cto -M50°C 


Recommended Operating Conditions 


Symbol 

Parameter 

Conditions 

DS8614-4 

DS8615-4 

DS8616-4 

DS8617-4 

DS8614-2 

DS8615-2 

DS8616-2 

DS8617-2 

Units 

Min 

Max 

Min 

Max 

Vs 

Unregulated Supply Voltage 

Vreg = Open 

6.8 

13.5 

5.5 

13.5 

V 

Vreg 

Regulated Supply Voltage 

Vs and Vreg Shorted 

mm 

5.5 


5.5 

V 

fMAX 

Toggle Frequency 

V|N = 100 mVrms 

20 

130 


225 

MHz 

V|N 

Input Signal Amplitude 


100 

300 

40 

300 

mVrms 

VSLW 

Slew Rate 


20 


20 


V//XS 

lOH 

High Level Output Current 



-400 


-400 

p.A 

lOL 

Low Level Output Current 



2.0 


2.0 

mA 


DC Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

DS8614-4 

DS8615-4 

DS8616-4 

DS8617-4 

DS8614-2 

DS8615-2 

DS8616-2 

DS8617-2 

Units 




Min 

Max 

Min 

Max 


VlH 

High Level MC Input 
Voltage 

Vs = "I3-5V, Vreg ~ Open 

2.0 


2.0 


D 

V|L 

Low Level MC Input 
Voltage 

Vreg = Vs = 4.5V 


0.8 


0.8 

V 

VOH 

High Level Output 
Voltage 

Iqh = “0-4 mA, 
Pins 2 and 3 Shorted 

Vreg -2 


Vreg “2 


V 

ICEX 

Open-Collector High 
Level Output 

Lower Output = 5.5V 


100 


100 

fxA 

VoL 

Low Level Output 
Voltage 

Vreg "" 4.5V, Iql = 2 mA 


0.5 


0.5 

V 

l| 

Max MC Input Current 

Vs = 13.5V, Vreg = Open. ' 
V|H = 7V 


100 


100 

jliA 

l|H 

High Level MC Input 
Current 

Vreg = 4.5V, V|H = 2.7V 


20 


20 

jaA 

l|L 

Low Level MC Input 
Current 

Vs = 13.5V, Vreg “ Open, 
V|L = 0.4V 


-200 


-200 

fiA 

Is 

Supply Current, 
Unregulated Mode 

Vs = 13.5V, Vreg ~ Open 


10 


10 

mA 

Ireg 

Supply Current, 
Regulated Mode 

Vs = Vreg = 5.5V 


10 


10 

mA 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified Min/Max limits apply across the -30°C to +70”C range. 

Note 3: All current into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless othenvise noted. All values shown as 
Max or Min on absolute value basis. 
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DS8614/DS8615/DS8616/DS8617 























































































































AC Electrical Characteristics vcc = 5v ±10 %, ta = -3o°cto +7o°c 


Symbol 


^MODULUS 



(Notes 4 and 5) 


AC Input Resistance 


ViN = 100 MHz and 50 mVrms 


Input Capacitance Vjn = 100 MHz and 50 mVrms 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2; Unless otherwise specified min/max limits apply across the — 30”C to +70°C temperature range. 

Note 3: All currents into device pins are shown as positive, out of device pins as negative, all voltages referenced to ground unless othenvise noted. All values 
shown as max or min on absolute value basis. 

Note 4: tMoouLUS = fhe period of time the modulus control level must be defined prior to the positive transition of the prescaler output to ensure proper modulus 
selection. 

Note 5: See Timing Diagrams. 


Timing Diagram 


MOOULUS CONTROL 
INPUT WAVEFORM 



The logical state of the modulus control input Just prior to the output's rising edge will determine the modulus ratio of the device 
immediately following that rising edge. The pulse width difference of N and N + 1 operation occurs during the output = HI conditions. 


Typical Applications 


n nni .,c n r 


0.001 nf 0.001 fiF 


X" 


ompf 0 . 001 ^ 


1 U 3 


1 13 ... 3 4 


MC EiUT 


MC Idut 


Schematic Diagrams 





-T 


UPPER OUTPUT 
LOWER OUTPUT 
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Application Hints 

OPERATING NOTES 

The signal source is usually capacitively coupled to the in- 
put. At higher frequencies a 0.001 jaF input capacitor (Cl) is 
usually sufficient, with larger values used at the lower fre- 
quencies. If the input signal is likely to be interrupted, it may 
be desirable to connect a 100 kn resistor between one in- 
put and ground to stabilize the device. In the single-ended 
mode, it is preferable to connect the resistor to the unused 
input. In the differential mode, the resistor can be connected 
to either input. The addition of the 100 kH pulldown resistor 
causes a loss of input sensitivity, but prevents circuit oscilla- 
tions under no signal (open circuit) conditions. In addition, in 


the single ended mode, a capacitor of 0.001 fiF (C2) should 
be connected between the unused input and the ground 
plane to provide a good high frequency bypass. The capaci- 
tor should be made larger for lower frequencies. 

The input waveform may be sinusoidal, but below about 
20 MHz the operation of the circuit becomes dependent on 
the slew rate of the input rather than amplitude. A square 
wave input with a slew rate of greater than 20 V/jns will 
permit correct operation down to lower frequencies, provid- 
ed the proper input coupling capacitor is provided. 

For regulated mode operation connect Vs to Vreq to en- 
sure proper operation (see Typical Application diagram). 
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DS8627/DS8628 


National 

Semicon 


Ai Semiconductor 

DS8627/DS8628 130/225 MHz Low Power Prescalers 


General Description 

The DS8627 and DS8628 are low power fixed ratio prescal- 
ers which divide by 24 and 20, respectively. The inputs can 
be driven either single or double-ended and they are buff- 
ered, providing 40/100 mVrms input sensitivity. The output 
provided is open-collector and is capable of interfacing with 
TTL and CMOS. 

The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to pre- 
scale the input frequency down to a more usable level. A 
digital frequency display system can also be derived 


separately or in conjunction with a phase-locked loop, and it 
can extend the useful range of many inexpensive frequency 
counters to 225 MHz. 

Features 

■ Input frequency: 130 MHz (-4, -3); 225 mHz (-2, std) 

■ Low power: 10 mA (-4, -2); 7 mA (-3, std) 

■ Input sensitivity: 1 00 mVrms (-4, -3); 40 mVrms (-2, std) 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Vcc Supply Voltage 7V 

V|N Input Voltage < Vcc 


Open-Collector Output Voltage 7V 

Operating Free Air T emperature Range - 30°C to + 70°C 
Storage Temperature Range -65°C to -I- 1 50°C 


Recommended Operating Conditions 


Symbol 

Parameter 

Vcc 

Supply Voltage 

^MAX 

Toggle Frequency 

V|N 

Input Signal Amplitude 

VSLW 

Slew Rate 

Iql 

Low Level Output Current 



DS8627-4 

DS8628-4 

DS8627-3 

DS8628-3 

DS8627-2 

DS8628-2 

DS8627 

DS8628 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 


IQI 

5.5 

IS 

5.5 

la 

5.5 


5.5 

V 

20 

130 

20 

130 

20 

225 

20 

225 

MHz 

100 

300 

100 

300 

40 

300 

40 

300 

mVrms 

20 


20 


20 


20 


V/^is 


3 


3 




3 

mA 


DC Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

DS8627-4 

DS8628-4 

DS8627-3 

DS8628-3 

DS8627-2 

DS8628-2 

DS8627 

DS8628 

Units 




Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 


ICEX 

Open-Collector High Level Output 

Output = 5.5V 


100 


100 


100 


100 

juA 

Vql 

Low Level Output Voltage 

Vcc = 4.5V, 
Iql = 3 mA 


0.4 


0.4 


0.4 


0.4 

V 

Ice 

Supply Current 

Vcc = 5.5V 


10 


7 


10 


7 

mA 


AC Electrical Characteristics vcc = sv ±10%. ta = -30 c to +7o c 


Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

Rin 

AC Input Resistance 

V|N = 100 MHz and 50 mVrms 

1.0 


kn 

C|N 

Input Capacitance 


3 

10 

pF 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless othenvise specified min/max limits apply across the -30”C to +70”C temperature range. 

Note 3: All currents into device pins are shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 
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DS8627/DS8628 


Application Hints 


OPERATING NOTES 

The signal source is usually capacitively coupled to the in- 
put. At higher frequencies a 0.001 p.F input capacitor is usu- 
ally sufficient, with larger values used at the lower frequen- 
cies. If the input signal is likely to be interrupted, it may be 
desirable to connect a 100 kfl resistor between one input 
and ground to stabilize the device. In the single-ended 
mode, it Is preferable to connect the resistor to the unused 
input. In the differential mode, the resistor can be connected 
to either Input. The addition of the 100 kfl pull-down resistor 
causes a loss of input sensitivity, but prevents circuit oscilla- 


tions under no signal (open circuit) conditions. In addition, in 
the single ended mode, a capacitor of 0.001 jxF should be 
connected between the unused input and the ground plane 
to provide a good high frequency bypass. The capacitor 
should be made larger for lower frequencies. 

The input waveform may be sinusoidal, but below about 20 
MHz the operation of the circuit becomes dependent on the 
slew rate of the input rather than amplitude. A square wave 
input with a slew rate of greater than 20 V//xs will permit 
correct operation down to lower frequencies, provided the 
proper input coupling capacitor is provided. 


Schematic Diagrams 



Typicai Appiication 




0.001 /iF—i— NC NC 

is |7 |6 5 


1 2 |3 4 

NC i 

0.001 mF -|- I I I (OUT 

'N T~l r~jL 

5V C2 ■=■ 

0.1 mF 
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National 

Semiconductor 


DS8629 120 MHz Divide-by-100 Prescaler 


General Description 

The DS8629 is a fixed ratio counter combining ECL and Low 
Power Schottky technology on a single monolithic sub- 
strate. This provides high frequency capability and TTL 
compatibility. A single 5.2V ±10% supply is needed. 

The device can be operated in a single-ended or differential 
input mode, with the signal source typically capacitively cou- 
pled to the input. An input amplifier is included to allow use 
of extremely small amplitude, high frequency signals. The 
output of the device is a square wave of frequency fouT = 
flN/100 for the DS8629. The output is standard Low Power 
Schottky. 


Features 

■ High Frequency, dc — 120 MHz — small input amplitude 

■ Sine wave input 30 MHz < f|N <120 MHz 

■ TTL compatible output 

■ May be used with TTL input 

■ Single supply operation 5.2V ±10% 

■ Single ended or differential input modes 

■ Positive or negative-edge triggered 

■ Count down sequence avoids broadcast FM IF harmonics 


Logic and Connection Diagrams 



Dual-ln-Llne Package 


(TTL) Vcc2 ■ 


Vcci (ECL/BUFFER) 


^ IfiPDT 

(NEGATIVE-EDGE TRIGGERED) 
8 INPUT 

(PDSITIVE-EDGE TRIGGERED) 


GNDt 4 1 
(ECL/BUFFER) 


Typical Applications 


Order Number DS8629N 
See NS Package Number N08E 


High Frequency— Single-Ended Input 
S.2V 


rr 

8 

1 

<7 


DS8629 

21 

<6 

1 

5 3 

4 1 




•rjERM is the termination impedance 
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DS8629 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7V 

Input Voltage 5V 

Output Voltage 5.5V 

Storage T emperature Range - 65°C to +1 50°C 

Lead Temperature (Soldering, 1 0 sec.) 300°C 


Operating Conditions 

Min 

Supply Voltage (Vcc) 4.68 

Temperature (Ta) 0 


Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter 

ViNi(p.p) Input Voltage (Peak-To-Peak) Single-Ended 

V|N2(p-p) Input Voltage (Peak-To-Peak) Differential® 

fsiNE Input Frequency with Sine Wave V|N = 600m> 

flTL Input Frequency with TTL Input 

dv Minimum Slew Rate of Vin = 600 m' 

Square Wave Input 

Logical “1 ” Output Voltage 


Conditions 


Single-Ended @120 MHz 
Differential @120 MHz 
V|N = 600 mVp-p 


Output Short-Circuit Current 
Logical “0” Output Voltage 
Supply Current 
Input Impedance 


V|N = 600 mVp-p 

Vcc = Min, Iqh = — 10 fxA 
Vcc ~ Min, Iqh ~ ~400 juA 
Vcc ~ Min, Iqh = ~ 1 .6 mA 

Vcc ~ Max 

Vcc ~ Min 
Vcc = Max 



Iql = 8 mA DS8629 


DS8629 


Max 

Units 

1000 

mV 

1000 

mV 

120 

MHz 

120 

MHz 

100 

V/jLtS 

■ 

V 

V 

V 

-40 

mA 

0.5 

V 

135 

mA 

350 

n 


!in Input Impedance V|n = 0.1 Vp.p to 1 Vp.p 

Freq. = 120 MHz 

Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Uniess othenvise specified, min/max limits appiy across the 0°C to 70°C range. All typical values are for Ta = 25'C and Vcc = 5.2V. 

Note 3: All currents into device pins shown as positive, out of device pins negative, ail voltage referenced to ground unless otherwise noted. All values shown as 
max or min on absolute value basis. 
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Application Hints 

OPERATING NOTES 

Two ground and two Vcc connections are provided separat- 
ing the ECL and buffer/amplifier stages from the TTL sec- 
tion, isolating the noise transients inherent in the TTL struc- 
ture. In most cases, shorting the two grounds externally to a 
good ground plane and the Vcc’s to a wide Vcc bus will 
provide sufficient isolation. All components used in the cir- 
cuit layout should be suitable for the frequencies involved 
and leads should be kept short to minimize stray induc- 
tance. A well by-passed voltage source should be used. 
The signal source is usually capacitively coupled to the in- 
put. At higher frequencies a 0.01 /iF input capacitor (C1) is 
usually sufficient, with larger values used at the lower fre- 
quencies. If the input signal is likely to be interrupted, it may 
be desirable to connect a 100 kfl resistor between one in- 
put and ground to stabilize the device. In the single-ended 
mode, it is preferable to connect the resistor to the unused 
input. In the differential mode, the resistor can be connected 
to either input. The addition of the 100 kft pull-down resistor 
causes a loss of input sensitivity, but prevents circuit oscilla- 
tions under no signal (open circuit) conditions. In addition, in 
the single ended mode, a capacitor of 0.01 fiF (C2) should 


be connected between the unused input and the ground 
plane to provide a good high frequency bypass. The capaci- 
tor should be made larger for lower frequencies. 

The input waveform may be sinusoidal, but below about 30 
MHz the operation of the circuit becomes dependent on the 
slew rate of the input rather than amplitude. A square wave 
input with a slew rate of greater than 100 V/jns will permit 
correct operation down to lower frequencies, provided the 
proper input coupling capacitor is provided. If it is desired to 
use a TTL input signal source, the unused input should have 
a 10 kn resistor added to ground and the input coupling 
capacitor should be eliminated with the TTL source dc cou- 
pled to the input. 

The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to pre- 
scale the input frequency down to a more usable level. A 
digital frequency display system can also be derived sepa- 
rately or in conjunction with a phase-locked loop, and it can 
extend the useful range of many inexpensive frequency 
counters to 160 MHz (typically). 


Input Configuration 


Output Configuration 
Vcc 


PIN 7 I 
nmJT I 


I INPUT (POSITIVE-EDGE TRIGGERED) 
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DS8673/DS8674 


National 

Semiconductor 


DS8673/DS8674 Low Power VHF/UHF Prescalers 


General Description 

The DS8673 and DS8674 products are low power prescal- 
ers which divide by 64 and 256 respectiveiy. The devices 
are used in frequency synthesis applications such as TV/ 
CATV, celluiar phone, and instrumentation to divide a very 
high frequency down to a frequency usable by low power 
MOS PLL’s. 

The devices have differential buffered inputs and comple- 
mentary ECL outputs. The inputs provide high input sensitiv- 
ity and good isolation. The DS8673 is pin compatibie with 
Piessey’s SP4531, SP4632, and Motorola’s MC12073 prod- 


ucts. The DS8674 is pin compatible with Piessey’s SP4653 
and Motorola’s MC12074 products. 

Features 

■ 1.0 GHz operating frequency 

■ 25 mA typical supply current 

■ 20 mV rms input sensitivity 

■ 0.8V complementary ECL outputs 

■ Low output radiation 


Block and Connection Diagrams 


Dual-ln-Llne Package 


NC— 1 

8 -VCC 

IN1- 2 

7 -0UT2 

IN2- 3 

6 -0UT1 

GND- 4 

5 -NC 


Top View 

Order Number DS8673N or DS8674N 
See NS Package Number N08E 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 7V 

Input Voltage 7V 


Output Voltage Vcc + 0.5V 

Operating Free Air T emperature Range - 40°C to + 85°C 

Storage T emperature Range — 65°C to + 1 50°C 

ESD rating is to be determined. 


Recommended Operating Conditions 


Symbol 

Parameter 

Vcc 

Power Supply Voltage Range 

Fin 

Input Frequency Range 

V|N 

Input Sensitivity into 50n 


Conditions 



Min 


.5 


80 

20 

20 

20 

20 

20 



Max 

Units 

5.5 

V 

1,000 

MHz 

200 


200 


200 

mV rms 

200 


200 



DC Electrical Characteristics 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Icc 

Power Supply Current 

Vcc = 5.5V 


25 

35 

mA 

Vqut 

Output Voltage Swing 

Peak-to-Peak 
(no load) 

0.8 

1.2 

1.6 

V 


Note 1: "Absolute Maximum Ratings” are those vaiues beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Typical Applications 
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National 

4CA Semiconductor 


DS8906 AM/FM Digital Phase-Locked Loop Synthesizer 


General Description 

The DS8906 is a PLL synthesizer designed specifically for 
use in AM/FM radios. It contains the reference oscillator, a 
phase comparator, a charge pump, a 120 MHz ECL/I2L 
dual modulus programmable divider, and a 20-bit shift regis- 
ter/latch for serial data entry. The device is designed to 
operate with a serial data controller generating the neces- 
sary division codes for each frequency, and logic state infor- 
mation for radio function inputs/outputs. 

The Colpitts reference oscillator for the PLL operates at 4 
MHz. A chain of dividers is used to generate a 500 kHz 
clock signal for the external controller. Additional dividers 
generate a 1 2.5 kHz reference signal for FM and a 500 Hz 
reference signal for AM/SW. One of these reference signals 
is selected by the data from the controller for use by the 
phase comparator. Additional dividers are used to generate 
a 50 Hz timing signal used by the controller for “time-of- 
day”. 

Data is transferred between the frequency synthesizer and 
the controller via a 3 wire bus system. This consists of a 
data input line, an enable line and a clock line. When the 
enable line is low, data can be shifted from the controller 
into the frequency synthesizer. When the enable line is tran- 
sitioned from low to high, data entry is disabled and data 
present in the shift register is latched. 

From the controller 22-bit data stream, the first 2 bits ad- 
dress the device permitting other devices to share the same 
bus. Of the remaining 20-bit data word, the next 14-bits are 
used for the PLL divide code. The remaining 6 bits are con- 
nected via latches to output pins. These 6 bits can be used 
to drive radio functions such as gain, mute, FM, AM, LW and 
SW only. These outputs are open collector. Bit 18 is used 
internally to select the AM or FM local oscillator input and to 
select between the 500 Hz and 12.5 kHz reference. A high 
level at bit 18 indicates FM and a low level indicates AM. 
The PLL consists of a 14-bit programmable 12 l divider, an 
ECL phase comparator, an ECL dual modulus (p/p + 1) 
prescaler, and a high speed charge pump. The programma- 
ble divider divides by (N + 1), N being the number loaded 
into the shift register (bits 1-14 after address). It is clocked 
by the AM input via an ECL 7/8 prescaler, or through a ^ 
63/64 prescaler from the FM input. The AM input will work 
at frequencies up to 8 MHz, while the FM input works up to 
120 MHz. The AM band is tuned with a frequency resolution 
of 500 Hz and the FM band is tuned with a resolution of 12.5 
kHz. The buffered AM and FM inputs are self-biased and 
can be driven directly by the VCO thru a capacitor. The ECL 
phase comparator produces very accurate resolution of the 
phase difference between the input signal and the reference 
oscillator. 


The high speed charge pump consists of a switchable con- 
stant current source (-0.3 mA) and a switchable constant 
current sink (-F 0.3 mA). If the VCO frequency is low, the 
charge pump will source current, and sink current if the VCO 
frequency is high. 

A separate Vccm pin (typically drawing 1.5 mA) powers the 
oscillator and reference chain to provide controller clocking 
frequencies when the balance of the PLL is powered down. 

Features 

■ Uses inexpensive 4 MHz reference crystal 

■ F|n capability greater than 120 MHz allows direct syn- 
thesis at FM frequencies 

■ FM resolution of 12.5 kHz allows usage of 10.7 MHz 
ceramic filter distribution 

■ Serial data entry for simplified control 

■ 50 Hz output for “time-of-day” reference with separate 
low power supply (Vccm) 

■ 6-open collector buffered outputs for band switching 
and other radio functions 

■ Separate AM and FM inputs. AM input has 1 5 mV (typi- 
cal) hysteresis 


Connection Diagram 


Dual-ln-Line Package 


CAP 8 
BYPASS 



^BITIBOUT 

FM/Ara 


16_CHARGEPUMP 

OUTPUT 


Top View 

Order Number DS8906N 
See NS Package Number N20A 
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DS8906 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the Nationai Semiconductor Saies Office/ 
Distributors for avaiiabiiity and specifications. 

Supply Voltage 

(Vcci) 7V 

(Vccm) 7V 

Input Voltage 7V 

Output Voltage 7V 

DC Eiectrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

V|H 

Logical “1” Input Voltage 

l|H 

Logical “1 ” Input Current 

V|L 

Logical “0” Input Voltage 

l|L 

Logical “0" Input Current 

>OH 

Logical “1 ” Output Current 
All Bit Outputs, 50 Hz Output 


500 kHz Output 

Vql 

Logical “0” Output Voltage 
All Bit Outputs 


50 Hz Output, 500 kHz Output 

Icci 

Supply Current (Vcci) 

ICCM(STANDBY) 

Vccm Supply Current 

■out 

Charge Pump Output Current 

ICCM(OPERATE) 

Vccm Supply Current 


Storage Temperature Range -65' 

Lead Temperature (Soldering, 4 seconds) 

Operating Conditions 

Min Max 

Supply Voltage, Vcc 

Vcci 4.75 5.25 

Vccm 4.5 6.0 

Temperature, Ta 0 70 


Conditions 


Cto +150“C 
260“C 



VoH = 5.25V 


Vqh = 2.4V, Vccm = 4.5V 


loi_=5 mA 


Iol~ 250 p.A 


All Bit Outputs High 


Vccm = 6.0V, All other Pins Open 


1.2V:SVout^Vccm“ 1-2V Pump Up 

Vccm ^ 6.0V Pump Down 

TRI-STATE® 


90 


1.5 


-0.10 -0.30 


VcCM = 6.0V, Vcci = 5.25V, 
All Other Pins Open 


AC Electricai Characteristics vcc = 5v, ta = 25°c, v ^ io ns, t, ^ io ns 


Symbol 



9 


V|N(MAX)(F 


Fqperate 


R|N (FM) 


R|N (AM) 


C|N 


tlNI 


Parameter 

Conditions 

F|n Minimum Signal Input 

AM and FM Inputs, 0°C ^ Ta ^ 70°C 

F|n Maximum Signal Input 

AM and FM Inputs, 0°C ^ Ta ^ 70°C 

Operating Frequency Range 
(Sine Wave Input) 

V|N = 100mVrms AM 

0“C ^ Ta ^ 70°C FM 

AC Input Resistance, FM 

120 MHz, V|N = 100 mV rms 

AC Input Resistance, AM 

2 MHz, V|N = 100 mV rms 

Input Capacitance, FM and AM 

V|N = 120 MHz 


Units 


mV (rms) 


mV (rms) 


MHz 

MHz 


n 


ii 


PF 


Minimum ENABLE High 
Pulse Width 


Minimum ENABLE Low 
Pulse Width 


Minimum Time before ENABLE 
Goes Low that CLOCK must 
be Low 


Minimum Time after ENABLE 
Goes Low that CLOCK must 
Remain Low 


Minimum Time before ENABLE 
Goes High that Last Positive 
CLOCK Edge May Occur 




8-20 
















































































































































AC Electrical Characteristics vcc = 5v,ta = 25°c.tr ^ ions,tf ^ ions (Continued) 


Conditions 


Symbol 

Parameter 

tENICLK 

Minimum Time After ENABLE 
Goes High Before an Unused 
Positive CLOCK Edge May Occur 

tCLKH 

Minimum CLOCK High 
Pulse Width 

tCLKL 

Minimum CLOCK Low 
Pulse Width 

Ids 

Minimum DATA Setup Time, 
Minimum Time Before CLOCK 
that DATA Must be Valid 

bH 

1 

Minimum DATA Hold Time, 
Minimum Time After CLOCK 
that DATA Must Remain Valid 



Typ 

Max 

Units 

175 

350 

ns 

275 

550 

ns 

400 

800 

ns 

150 

300 

ns 

400 

800 

1 

ns 



Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0”C to +70°C temperature range for the DS8906. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

SchCnrOtiC DiSQrSmS (DSSQOG AM/FM PLL Typical Input/Output Schematics) 

Vcci 7 DIODE RAIL 
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Schematic Diagrams (DS8906 AM/FM PLL Typical Input/Output Schematics) (Continued) 

VccM ''cci Vcci 



CHARGE 

PUMPOUT 



Timing Diagrams' 


ENABLE vs CLOCK 



CLOCK vs DATA 



AM/FM Frequency Synthesizer (Scan Mode) 


Mil! 


PLL ADDRESS 

1,1 


NEGATIV E TRANSITIDN ON 
ENAbLE CLEARS PREVIOUS 
ADDRESS. CLOCK MUST BE 
LOW DURING TRANSITION. 


\ \ I f t + t 

4 5 16 17 18 19 20 

DATA BITS 

BITS 1-14, -^N CODE (LSB FIRST) 

BITS 15-20, OUTPUT BITS 


POSITIVE TRANSITION ON 
ENABLE LATCHES IN NEW 
CODE IF PLL IS ADDRESSED. 


•Timing diagrams are not drawn to scale. Scale within any one drawing may not be consistent, and intervals are defined positive as drawn. TL/F/5775-11 
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Applications Information 

SERIAL DATA ENTRY INTO THE DS8906 

Serial inform ation ent ry into the DS8906 is enabled by a low 
level on the ENABLE input. One binary bit is then accepted 
from the DATA input with each positive transition of the 
CLOCK input. The CLOCK input must be low for the speci- 
fied time preceding and following the negative transition of 
the ENABLE input. 

The first 2 bit s accepted foiiowing the negative transition of 
the ENABLE input are interpreted as address, if these ad- 
dress bits are not\A, no further information wiii be accept- 
ed from the DATA inp uts, and t he internal data latches will 
not be changed when ENABLE returns high. 

If these first 2 bits are 1,1, then all succeeding bits are ac- 
cepted as data, and are shifted successively into the inter- 
nal shift register as long as ENABLE remains low. 

Any data bits preceding the 20th to last bit will be shifted 
out, and are thus irrelevant. Data bits are counte d as any 
bits following 2 valid (1,1) address bits with the ENABLE 
low. 

When the ENABLE input returns high, any further serial data 
input is inhibited. Upon this positive transition of the 
ENABLE, the data in the internal shift register is transferred 
into the internal data latches. 


Note that until this time, the states of the internal data latch- 
es have remained unchanged. 

These data bits are interpreted as follows; 

DATA BIT POSITION DATA INTERPRETATION 


Last 

2nd to Last 
3rd to Last 
4th to Last 
5th to Last 
6th to Last 
7th to Last 
8th to Last 
9th to Last 
10th to Last 
11th to Last 
12th to Last 
13th to Last 
14th to Last 
15th to Last 
16th to Last 
17th to Last 
18th to Last 
19th to Last 
20th to Last 


Bit 20 Output (Pin 2) 

Bit 19 Output (Pin 1) 

Bit 18 Output (FM/AM) (Pin 20) 
Bit 17 Output (Pin 19) 

Bit 16 Output (Pin 18) 

Bit 15 Output (Pin 17) 

MSB of N (213)" 

( 212 ) 

( 211 ) 

(210) 

(29) 

(28) 

I ..N 

(26) 

(25) 

(24) 

(23) 

( 22 ) 

( 21 ) 

LSBofN (20) J 


Note. The actual divide code is N + 1, i.e., the number loaded plus 1. 
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Typical Application 


Electronically Tuned Radio Controller System; Direct Drive LED 

SV SWB+ 



n/s Iq I, i2 

•3 


LO 


LI 


L2 

NSC 

COPi 

L3 

Vss CONTROLLER 

L4 

(20 PINS) 
COP420L 

LS 


L6 


G2 


GNO 

G3 SI CK1 SK SO 

G1 


KEYBOARD 

6x4 


POSSIBLE MODULE 
INSIDE DOTTED LINE 


I FROM RADIO 
' "STATION DETECT" 


1 4 MHz 
XTAL 


FROM FROM 
FM VCO AM VCO 

XiJ_ _L 


0.01 «iFd IlDOpF lO.lpFd 


OSCB 

OSC E CAP FM IN AM IN | 

ENABLE 

BYPASS 

CHARGE 


PUMPOUT 

DATA 


DS8S06 

BIT 15 OUT 

CLOCK 

PLL SYNTHESIZER 

BIT 16 OUT 

500 kHz 

(20-PIN) 

BIT 17 OUT 
BIT 18 OUT 

50 Hz 


BIT 19 OUT 
BIT 20 OUT 


VCCM Vcc gND I 


m I 

CBPLL 

SYNTHESIZER 

(OPTIONAL) 


J 1 I.OpFd 


I IaF 

2Z0 ■ I 4.7k 


TO CONTROL CIRCUITS 
(MUTE, GAIN, AM, FM, SW, LW, 
STEREO, ETC) 


UNSWITCHED 

B+ 


SWITCHED B+ 
TO RADIO 
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Logic Diagram 


AM/FM PLL Synthesizer 


CHARGE 

PUMP 

OUT 



•Sections operating from Vccm supply 
••Address (1,1) 
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DS8907 


National 

Jtm Semiconductor 

DS8907 AM/FM Digital 

Phase-Locked Loop Frequency Synthesizer 

General Description 

The DS8907 is a PLL synthesizer designed specifically for ble divider divides by (N + 1), 


use in AM/FM radios. It contains the reference oscillator, a 
phase comparator, a charge pump, a 120 MHz ECL/|2 l 
dual modulus programmable divider, and an 18-bit shift reg- 
ister/latch for serial data entry. The device is designed to 
operate with a serial data controller generating the neces- 
sary division codes for each frequency, and logic state infor- 
mation for radio function inputs/outputs. 

The Colpitts reference oscillator for the PLL operates at 
4 MHz. A chain of dividers is used to generate a 500 kHz 
clock signal for the external controller. Additional dividers 
generate a 25 kHz reference signal for FM and a 10 kHz 
reference signal for AM. One of these reference signals is 
selected by the data from the controller for use by the 
phase comparator. 

Data is transferred between the frequency synthesizer and 
the controller via a 3 wire bus system. This consists of a 
data input line, an enable line, and a clock line. When the 
enable line is low, data can be shifted from the controller 
into the frequency synthesizer. When the enable line is tran- 
sitioned from low to high, data entry is disabled and data 
present in the shift register is latched. 

From the controller 20-bit data stream, the first 2 bits ad- 
dress the device permitting other devices to share the same 
bus. Of the remaining 18-bit data word, the next 13 bits are 
used for the PLL divide code. The remaining 5 bits are con- 
nected via latches to output pins. These 5 bits can be used 
to drive radio functions such as gain, mute, FM, AM and 
stereo only. These outputs are open collector. Bit 16 is used 
internally to select the AM or FM local oscillator input and to 
select between the 1 0 kHz and 25 kHz reference. A high 
level at bit 16 indicates FM and a low level indicates AM. 
The PLL consists of a 13-bit programmable |2 l divider, an 
ECL phase comparator, an ECL dual modulus (p/p + 1) pre- 
scaler, and a high speed charge pump. The programma- 


ble divider divides by (N + 1), N being the number loaded 
into the shift register (bits 1-13 after address). It is clocked 
by the AM input via an ECL Ve prescaler, or through a 
prescaler from the FM input. The AM input will work 
at frequencies up to 1 5 MHz, while the FM input works up to 
120 MHz. The AM band is tuned with a frequency resolution 
of 10 kHz and the FM band is tuned with a resolution of 
25 kHz. The buffered AM and FM inputs are self biased and 
can be driven directly by the VCO through a capacitor. The 
ECL phase comparator produces very accurate resolution 
of the phase difference between the input signal and the 
reference oscillator. The high speed charge pump consists 
of a switchable constant current source (-0.3 mA) and a 
switchable constant current sink ( + 0.3 mA). If the VCO fre- 
quency is low, the charge pump will source current, and sink 
current if the VCO frequency is high. When using an AFC 
the charge pump output may be forced into TRI-STATE® by 
applying a low level to the charge pump enable input. 

A separate Vccm (typically drawing 1.5 mA) powers the 
oscillator and reference chain to provide controller clocking 
frequencies when the balance of the PLL is powered down. 

Features 

■ Uses inexpensive 4 MHz reference crystal 

■ F|n capability greater than 120 MHz allows direct syn- 
thesis at FM frequencies 

■ FM resolution of 25 kHz allows usage of 10.7 MHz ce- 
ramic filter distribution 

■ Serial data entry for simplified control 

■ 50 Hz output for “time-of-day” reference driven from 
separate low power Vccm 

■ 5-open collector buffered outputs for controlling various 
radio functions 

■ Separate AM and FM inputs. AM input has 1 5 mV (typi- 
cal) hysteresis 


Connection Diagram 


Dual-ln-Llne Package 

U 1 1 lilBIT 16 OUT 


VJ.CHARGEPUMP 

ENABLE 



1J.CHARGE PUMP 
OUTPUT 


Order Number DS8907N 
See NS Package Number 
N20A 


Top View 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 

(Vcci) 7V 

(Vccm) 7V 

Input Voltage 7V 

Output Voltage 7V 

DC Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

V|H 

Logical “1” Input Voltage 

l|H 

Logical “1" Input Current 

VlL 

Logical “0” Input Voltage 

l|L 

Logical “0” Input Current 

l|L 

Logical “0" Input Current 

Iqh 

Logical “1” Output Current 
All Bit Outputs, 50 Hz Output 


500 kHz Output 

VoL 

Logical "0" Output Voltage 
All Bit Outputs 


50 Hz Output, 500 Hz Output 

Icci 

Supply Current (Vcci) 

ICCM(STANDBY) 

Vccm Supply Current 

loUT 

Charge Pump Ougtput Current 

ICCM(OPERATE) 

Vccm Supply Current 


Storage Temperature Range 
Lead Temperature (Soldering, 4 sec.) 

Operating Conditions 

Min 

Supply Voltage, Vcc 
Vcci 4.75 

Vccm 4.5 

Temperature, Ta 0 


Conditions 


-65“Cto +150°C 
260°C 


Typ Max Units 



Data, Clock, and ENABLE Inputs, V|n = OV 


Charge Pump Enable, Vim = OV 


VoH = 5.25V 


Vqh = 2.4V, Vccm = 4.5V 


Iql “ 5 mA 


All Bits Outputs High 


Vccm = 6 0V, All other Pins Open 


1 .2V <: Vqut ^ Vccm ~ "l -2V Pump Up 

Vccm ^ 6.0V Pump Down | 0.10 

TRI-STATE 


Vccm = 6.0V, Vcci = 5.25V, 
All Other Pins Open 


AC Electrical Characteristics vcc = sv.ta = 2s°c. t^ ^ io ns, t, ^ io ns 


Symbol 


V|N(MIN)(F 


V|N(MAX)(F 


Fqperate 


10 fiA 


0.7 


-5 -25 fiA 


-250 I -450 juA 


50 JU.A 


-250 ixA 



0.5 


160 mA 


1.5 4.0 mA 


-0.30 -0.6 mA 


0.30 


0 


mA 


±100 nA 


Parameter 

Conditions 

Min 

Typ 

F|n Minimum Signal Input 

AM and FM Inputs, 0°C ^ Ta ^ 70°C 


20 

F|n Maximum Signal Input 

AM and FM Inputs, 0°C ^ Ta ^ 70°C 

1000 

1500 


Operating Frequency Range 
(Sine Wave Input) 


Rin(FM) AC Input Resistance, FM 


Rin(AM) AC Input Resistance, am 


C|M Input Capacitance, FM and AM 


tENi Minimum ENABLE High 

Pulse Width 


V|N = 100 mV rms 
0”C ^ Ta ^ 70”C 


120 MHz, ViN =100 mV rms 


2 MHz, V|N = 100 mV rms 


V|N = 120 MHz 


AM 

0.4 

FM 

60 


Minimum ENABLE Low 
Pulse Width 


Minimum Time Before ENABLE 
Goes Low That CLOCK Must 
Be Low 


Minimum Time After ENABLE 
Goes Low That CLOCK Must 
Remain Low 


Minimum Time Before ENABLE 
Goes High That Last Positive 
CLOCK Edge May Occur 



Units 


mV (rms) 


mV (rms) 


MHz 


MHz 


n 


n 


PF 
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AC Electrical Characteristics vcc = sv, ta = 25 °c, v ^ io ns, t, ^ io ns (continued) 


Conditions 


Symbol 

Parameter 

tENICLK 

Minimum Time After ENABLE 
Goes High Before an Unused 
Positive CLOCK Edge May Occur 

tCLKH 

Minimum CLOCK High 
Puise Width 

tCLKL 

Minimum CLOCK Low 
Puise Width 

tos 

Minimum DATA Setup Time, 
Minimum Time before CLOCK 
That DATA Must Be Valid 

tDH 

Minimum DATA Hoid Time, 
Minimum Time after CLOCK 
That DATA Must Remain Valid 



Typ 

Max 

Units 

175 

350 

ns 

275 

550 

ns 

400 

800 

ns 

150 

300 

ns 

400 

800 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range" 
they are not meant to imply that the devices should bo operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the -40°C to +85“C temperature range for the DS8907. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless othenvise noted. All values shown 
as max or min on absolute value basis. 

SchGITIStiC DidQrGinS (DS890? AM/FM PLL typical Input/Output Schematics) 


(CHARGE PUMP 
ENABLE ONLY) 


DATA IN. rmnn. 

CHARGE PUMP ENABLE 



BIT OUTPUTS. 
‘bo Hz output 





7 DIODE RAIL 
FROM VccM 
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Timing Diagrams^ 


ENABLE vs CLOCK 


ENABLE 



CLOCK vs DATA 



AM/FM Frequency Synthesizer (Scan Mode) 


PLL ADDRESS 

1,1 


i ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ t 

1 2 3 4 $ 14 IS 16 17 IS 

DATA BITS 

BITS 1-13, -<-N CODE (LSB FIRST) 

BITS 14-18, OUTPUT BITS 


NEGATIV E TRANSITION ON 
ENABLE CLEARS PREVIOUS 
ADDRESS. CLOCK MUST BE 
LOW DURING TRANSITION. 


POSITIV E TRANSITION ON 

Enable latches in new 

CODE IF PLL IS ADDRESSED. 


’Timing diagrams are not drawn to scale. Scale within any one drawing may not be consistent, and intervals are defined positive as drawn. 


SERIAL DATA ENTRY INTO THE DS8907 

Serial inform ation ent ry into the DS8907 is enabled by a low 
level on the ENABLE input. One binary bit is then accepted 
from the DATA input with each positive transition of the 
CLOCK input. The CLOCK input must be low for the speci- 
fied _time_preceding and following the negative transition of 
the ENABLE input. 

The fir st two bits accepted following the negative transition 
of the ENABLE input are interpreted as address. If these 
address bits are not 1,1 no further information will be ac- 
cepted from the DATA inp uts, and t he internal data latches 
will not be changed when ENABLE returns high. 

If these first two bits are 1,1, then all succeeding bits are 
accepted as data, and are shifted successively into the in- 
ternal shift register as long as ENABLE remains low. 

Any data bits preceding the 1 8th to last bit will be shifted 
out, and thus are irrelevant. Data bits are counted as any 
bits following t wo valid a ddress bits (1,1) with the ENABLE 
low. When the ENABLE input returns high, any further serial 
data entry is inhibited. Upon this positive transition, the data 
in the internal shift register is transferred into the internal 
data latches. Note that until this time, the states of the inter- 
nai data latches have remained unchanged. 


These data bits are interpreted as follows: 


Data Bit Position 

Last 

2nd to Last 
3rd to Last 
4th to Last 
5th to Last 
6th to Last 
7th to Last 
8th to Last 
9th to Last 
10th to Last 
11th to Last 
12th to Last 
13th to Last 
14th to Last 
1 5th to Last 
1 6th to Last 
17th to Last 
1 8th to Last 


Data Interpretation 

Bit 18 Output (Pin 2) 

Bit 17 Output (Pin 1) 

Bit 16 Output (FM/Afvi) (Pin 20) 
Bit 15 Output (Pin 19) 

Bit 14 Output (Pin 18) 

MSB of -^-N(212)" 

( 211 ) 

( 210 ) 

( 29 ) 

(28) 

( 27 ) 

(26) ^ -^N 
(25) 

(24) 

(23) 

( 22 ) 

(21) 

LSB of -N (2°) J 


Note: The actual divide code is N + 1 , i.e., the number loaded plus 1 . 
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Typical Application 

Electronically Tuned Radio Controller System; Direct Drive LED 



UNSWITCHED 

B+ 


SWITCHED 
TO RADID 
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DS8908 


National 

Semiconductor 


DS8908 AM/FM Digital Phase-Locked 
Loop Frequency Synthesizer 


General Description 

The DS8908 is a PLL synthesizer designed specificaily for 
use in AM/FM radios, it contains the reference oscillator, a 
phase comparator, a charge pump, an operational amplifier, 
a 120 MHz ECL/|2 l dual modulus programmable divider, 
and a 19-bit shift register/iatch for seriai data entry. The 
device is designed to operate with a serial data controller 
generating the necesary division codes for each frequency, 
and logic state information for radio function inputs/outputs. 
A 3.96 MHz pierce osciliator and divider chain generate a 
1.98 MHz externai controller clock, a 20 kHz, 10 kHz, 9 kHz, 
and a 1 kHz reference signals, and a 50 Hz time-of-day 
signal. The oscillator and divider chain are sourced by the 
VccM pin thus providing a iow power controller clock drive 
and time-of-day indication when the balance of the PLL is 
powered down. 

The 21 -bit serial data steram is transferred between the fre- 
quency synthesizer and the controller via a 3-wire bus sys- 
tem comprised of a data line, a ciock iine, and an enabie 
iine. 

The first 2 bits in the serial data stream address the synthe- 
sizer thus permitting other devices such as display drivers to 
share the same bus. The next 14 bits are used for the 
PLL(N-M) divide code. The 15th bit is used internally to 
select the AM or FM local oscillator input. A high ievei on 
this bit enables the FM input and a iow ievei enables the AM 
input. The 16th and 17th bits are used to select one of the 4 
reference frequencies. The 1 8th and 1 9th bits are connect- 
ed via latches to open collector outputs. These outputs can 
be used to drive radio functions such as gain, mute, AM, 
FM, or charge pump current source levels. 

The PLL consists of a 14-bit programmabie i2L divider, an 
ECL phase comparator, an ECL dual modulus (p/p + 1) pre- 
scaler, a high speed charge pump, and an operational am- 
plifier. The programmable divider divides by (N + 1), N being 
the number loaded into the shift register. The programmabie 
divider is clocked through a Va prescaler by the AM input 
or through a ^®ye 4 prescaler by the FM input. The AM input 
wili work at frequencies up to 15 MHz, while the FM input 
works up to 120 MHz. The VCO can be tuned with a fre- 
quency resolution of either 1 kHz, 9 kHz, 10 kHz, or 20 kHz. 
The buffered AM and FM inputs are self-biased and can be 
driven directly by the VCO through a capacitor. The ECL 
phase comparator produces very accurate resolution of the 
phase difference between the input signai and the reference 
oscillator. The high speed charge pump consists of a 
switchable constant current source and sink. The charge 
pump can be programmed to deliver from 75 ju,A to 750 juA 
of constant current by connection of an externai resistor 
from pin Rrrogram ground or the open collector bit out- 
puts. Connection of programming resistors to the bit outputs 
enables the controller to adjust the loop gain for the particu- 
iar reference frequency selected. The charge pump will 
source current if the VCO frequency is high and sink 


current if the VCO frequency is iow. The low noise opera- 
tional amplifier provided has a high impedance JFET input 
and a large output voltage range. The op amp’s negative 
input is common with the charge pump output and its posi- 
tive input is internally biased. 

Features 

■ Uses inexpensive 3.96 MHz reference crystal 

■ F|n capability greater than 120 MHz allows direct syn- 
thesis at FM frequencies 

■ FM resolution of either 10 kHz or 20 kHz ailows usage 
of 10.7 MHz ceramic filter distribution 

■ Seriai data entry for simplified control 

■ 50 Hz output for time-of-day reference driven from sep- 
arate low power VccM 

■ 2 open collector buffered outputs for controlling various 
radio functions or loop gain 

■ Separate AM and FM inputs: AM input has 1 5 mV (typi- 
cai) hysteresis 

■ Programmable charge pump current sources enable ad- 
justment of system loop gain 

■ Operational amplifier provides high impedance load to 
charge pump output and a wide voltage range for the 
VCO input 


Connection Diagram 


Dual-ln-Llne Package 


CAP 8 
BYPASS” 



19, OP AMP 
GROUND 

18_ OP AMP 
OUT 

17 CHARGE PUMP 
OUT 

16 o 

— ^PROGRAM 


Top View 

Order Number DS8908N 
See NS Package Number N20A 
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Absolute Maximum Ratings (Note d 


If Military/ Aerospace specified devices are required, Storage Temperature Range - 65°C to + 1 50°C 

contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 4 seconds) 260°C 

Distributors for availability and specifications. 


Supply Voltage 
(Vcci) (Vccm) 

7V 

Operating Conditions 

Min 

Max 

Units 

(Vcc 2 ) 

17V 

Vcci 

4.5 

5.5 

V 

Input Voltage 

7V 

VcC 2 

Vcci + 1-5 

15.0 

V 

Output Voltage 

7V 

VcCM 

3.5 

5.5 

V 



Temperature, Ta 

-40 

+ 85 

°c 


DC Electrical Characteristics (Notes 2 and 3) 


Symboi 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Logical “1" Input Voltage 


2.0 



V 

l|H 

Logical “1 ” Input Current 

V|N = 2.7V 


0 

10 

fiA 

V|L 

Logical “0” Input Voltage 




0.8 

V 

I|L 

Logical “0” Input Current 

Data, Clock, and ENABLE Inputs, V|n = OV 


-5 

-25 

jiA 

lOH 

Logical "1 " Output Current 
All Bit Outputs, 50 Hz Output 

Vqh = 5.5V 


■ 

50 

jjlA 

1.98 MHz Output 

Vqh = 2.4V, VccM = 4.5V 



-250 

fiA 

VoL 

Logical “0” Output Voltage 
All Bit Outputs 

Iql = 5 mA 


■ 

0.5 

V 

50 Hz Output, 1 .98 MHz Output 

Iql — 250 fiA 



0.5 

V 

1.98 MHz Output 

Iql = 20 IJ.A, Ta > 70°C 
Iql ~ 20 p,A, Ta ^ 70°C 


■ 

0.3 

0.4 

> > 

icct 

Supply Current (Vcci) 

All Bit Outputs High 



160 

mA 

■CCM 

VccM Supply Current 

VcCM = 5.5V, All Other Pins Open 


2.5 


mA 

Iqut 

Charge Pump Ougtput Current 

3.33k ^ RpROG ^ 33.3k 
Iqut Measured between 
Pin 17 and Pin 18 
•prog = Vcci/2 RpROG 

Pump Up 

-20 

•prog 

+ 20 

% 

Pump Down 

-20 

•prog 

+ 20 

% 

TRI-STATE® 


0 

11 

nA 

ICC2 

Vcc2 Supply Current 

VcCM = 5V, Vcci = 5.5V, VcC2 = ^ 5V 
All Other Pins Open 


m 

11 

mA 

OPVOH 

Op Amp Minimum High Level 

Vcci ' 4.5V, Iqh = -750 }iA 

VcC 2 “0.4 



V 

OPVOL 

Op Amp Maximum Low Level 

Vcci = 5.5V, Iql = 750 jaA 


1 

0.6 

V 

CPObiaS 

Charge Pump Bias Voltage 
Delta 

CPO Shorted to Op Amp Output 

CPO = TRI-STATE 

Op Amp IqU 750 p.Avs -750 jaA 


■ 

100 

mV 


AC Electrical Characteristics vcc = sv.ta = 25°c.tr ^ ions,t, ^ ions 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|N(MIN)(F) 

F|n Minimum Signal Input 

AM and FM Inputs, — 40°C ^ Ta ^ 85°C 


20 

100 

mV(rms) 

V|N(MAX)(F) 

F|n Maximum Signal Input 

AM and FM Inputs, -40°C ^ Ta ^ 85°C 

1000 

1500 


mV(rms) 

Foperate 

Operating Frequency Range 

V|(M = 100 mV rms 

AM 

0.5 


15 

MHz 


(Sine Wave Input) 

-40-C ^ Ta ^ os-c 

FM 

80 


120 

MHz 

R,n(FM) 

AC Input Resistance, FM 

120 MHz, V|N = 100 mV rms 

600 



n 


Rin(AM) AC Input Resistance, am 15 MHz, V|n = 100 mVrms 


C|N Input Capacitance, FM and AM V|n = 120 MHz(FM), 15 MHz (AM) 


tgtMi Minimum ENABLE High 

Pulse Width 




n 

10 

PF 

1250 

ns 
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AC Electrical Characteristics vcc = sv. ta = 2s°c, ^ io ns, tf ^ io ns (Continued) 


Conditions 


Symbol 

Parameter 

tlNO 

Minimum ENABLE Low 
Pulse Width 

tCLKENO 

Minimum Time before ENABLE 
Goes Low That CLOCK Must 
Be Low 

t^OCLK 

Minimum Time after ENABLE 
Goes Low That CLOCK Must 
Remain Low 

*CLKEhIl 

Minimum Time before ENABLE 
Goes High That Last Positive 
CLOCK Edge May Occur 

tENICLK 

Minimum Time after ENABLE 
Goes High before an Unused 
Positive CLOCK Edge May Occur 

tCLKH 

Minimum CLOCK High 
Pulse Width 

tCLKL 

Minimum CLOCK Low 
Pulse Width 

tos 

Minimum DATA Set-Up Time, 
Minimum Time before CLOCK 
That DATA Must Be Valid 

tpH 

Minimum DATA Hold Time, 
Minimum Time after CLOCK 
That DATA Must Remain Valid 



Typ 

Max 

Units 

375 

750 

ns 

-50 

0 

ns 

275 

550 

ns 

300 

600 

ns 

175 

350 

ns 

275 

550 

ns 

400 

800 

ns 

150 

300 

ns 

1 

400 

800 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to impiy that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits appiy across the -40"C to +85“C temperature range for the DS8908. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltage referenced to ground unless otherwise noted. All values shown as 
max or min on absolute value basis. 

Schematic Diagrams (DS890S AM/FM PLL typical Input/Output schematics) 

Vcci Vcci VqcI Vcci 


r 



BIT OUTPUTS 
OR 

50 Hz OUTPUT 
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Timing Diagrams* 


AM/FM Frequency Synthesizer (Scan Mode) 


PLL ADDRESS 
1, 1 


t t I f ♦ ♦ ♦ t t t t 

1 2 3 4 S 14 15 IE 17 18 19 


DATA BITS 

BITS 1-14, CODE (LSB FIRST) 

BIT 15, AM/FM SELECT BIT 
BITS 16-17, REFERENCE FREQUENCY SELECT BITS 
BITS 18-19, OUTPUT BITS 


NEGAT IVE TRANSITION ON 
ENABLE CLEARS PREVIOUS 
ADDRESS. CLOCK MUST BE 
LOW DURING TRANSITION. 


POSITIV E TRANSITION ON 
ENABLE LATCHES IN NEW 
CODEIFPLLISADDRESSEO. 


•Timing diagrams are not drawn to scale. Scale within any one drawing may not be consistent, and intervals are defined positive as drawn. 


SERIAL DATA ENTRY INTO THE DS8908 

Serial inform ation ent ry into the DS8908 is enabled by a low 
level on the ENABLE input. One binary bit is then accepted 
from the DATA input with each positive transition of the 
CLOCK input. The CLOCK input must be low for the speci- 
fied _time_^ceding and following the negative transition of 
the ENABLE input. 

The first two bits accepted following the negative transition 
of the ENABLE input are interpreted as address. If these 
address bits are not ^ A no further information will be ac- 
cepted fromt he DATA inp uts, and t he internal data latches 
will not be changed when ENABLE returns high. 

If these first two bits are 1,1, then all succeeding bits are 
accepted as data, and are shi fted succ essively into the in- 
ternal shift register as long as ENABLE remains low. 

Any data bits preceding the 1 9th to last bit will be shifted 
out, and thus are irrelevant. Data bits are counte d as any 
bits following t wo valid address bits (1,1) with the ENABLE 
low. When the ENABLE input returns high, any further serial 
data entry is inhibited. Upon this positive transition, the data 
in the internal shift register is transferred into the internal 
data latches. Note that until this time, the states of the inter- 
nal data latches have remained unchanged. 


These data bits are interpreted as follows: 

Data Bit Position Data Interpretation 

Last Bit 1 9 Output (Pin 2) 

2nd to Last Bit 1 8 Output (Pin 1 ) 

3rd to Last Ref. Freq. Select Bit(i)l 7 

4th to Last Ref. Freq. Select Bit(t)16 

5th to Last AM/FM Select Bit 1 5 

6th to Last (213)^ 

7th to Last (212) 

8th to Last (211) 

9th to Last (210) 

10th to Last (29) 

11th to Last (28) 

12th to Last (27) ^ ^ ^2) 

13th to Last (26) 

1 4th to Last (28) 

15th to Last (24) 

16th to Last (23) 

17th to Last (22) 

18th to Last (21) 

19th to Last LSB of -r- N(20) > 

Note 1: See Reference Frequency Select Truth Table. 

Note 2: The actual divide code is N + 1, ie., the number loaded plus 1. 


Truth Table 


Reference Frequency Selection Truth Table 


Serial Data 

Reference 

Frequency 

Bit 16 

Bit 17 

(kHz) 

1 

1 

20 

1 

0 

10 

0 

1 

9 

0 

0 

1 
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Typical Application Additional application notes are located at the back of section 1 1 . 

Electronically Tuned Radio Controller System; Direct Drive LED 


SWITCHED 

5V 


POSSIBLE MODULE 
INSIDE DOTTED LINE 


-1 


_1_ 



T 

i ! 


KEYBOARD 

6x4 

▲ A A A A A 


R/S 

■O ll <2 

■3 



LO 



LI 



L2 


NSC 

COPs 

L3 

Vss 

CONTROLLER 

L4 

(20 PINS) 
COP420L 

LS 




L6 



G2 



GND 

G3 

SI CK1 SK SO 

G1 


I FROM RADIO 
' "STATION DETECT" 


130 pF S8pF 


liiii 


3.96 MHz 
25 pF XTAL 


FROM FROM 
FMVCO AMVCO 

Xi_L 1 


OSCB 

OSC C CAP 

FM IN 

AM IN 

ENABLE 

BYPASS 


CHARGE 

PUMPOUT 




OP AMP 

DATA 



OUTPUT 




OP AMP 


DS890B 


GROUND 

CLOCK 

PLl SYNTHESIZER 



(20PIN) 


*’PR0G 

1.96 MHz 





BIT 19 OUT 

50 Hz 



BIT 18 OUT 

VcC2 

VCCM 

vcci 

GND 


0.01 nF 
0.1 




PROGRAM 

RESISTORS 


TO RADIO CONTROL CIRCUITS 
(MUTE. GAIN, AM, FM, STEREO) 


UNSWITCHED 

B+ 


SWITCHED B* 
TO RADIO 
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m National 

Semiconductor 


DS8911 AM/FM/TV Sound 
Up-Conversion Frequency Synthesizer 

General Description 


The DS891 1 is a digital Phase-Locked Loop (PLL) frequen- 
cy synthesizer intended for use as a Local Oscillator (LO) in 
electronically tuned radios. The device is used in conjunc- 
tion with a serial data controller, a loop filter, some varactor 
diodes and several passive elements to provide the local 
oscillator function for both AM and FM tuning. 

The conventional superheterodyne AM receiver utilizes a 
low IF or down conversion tuning approach whereby the IF 
is chosen to be below the frequencies to be received. The 
DS8911 PLL on the other hand, utilizes an up-conversion 
technique in the AM mode whereby the first IF frequency is 
chosen to be well above the RF frequency range to be 
tuned. This approach eliminates the need for tuned circuits 
in the AM frontend since the image, half IF, and other spuri- 
ous responses occur far beyond the range of frequencies to 
be tuned. Sufficient selectivity and second IF image protec- 
tion is provided by a crystal filter at the output of the first 
mixer. 

A significant cost savings can be realized utilizing this up- 
conversion approach to tuning. Removal of the AM tuned 
circuits eliminates the cost of expensive matched varactor 
diodes and reduces the amount of labor required for align- 
ment down from 6 adjustments to 2. Additional cost savings 
are realized because up-conversion enables both the AM 
and FM bands to be tuned using a single Voltage Controlled 
Oscillator (VCO) operating between 98 and 120 MHz. (The 
2 to 1 LO tuning range found in conventional AM down con- 
version radios is reduced to a 10% tuning range; 9.94 MHz 
to 11.02 MHz). 

Up-conversion AM tuning is accomplished by first dividing 
the VCO signal down by a modulus 10 to obtain the LO 
signal. This LO in turn is mixed on chip with the RF signal to 
obtain a first IF at the MIXER output pins. This first IF after 


crystal filtering is mixed (externally) with a reference fre- 
quency provided by the PLL to obtain a 450 kHz second IF 
frequency. The DS891 1 derives the 450 kHz second IF by 
mixing an 11.55 MHz first IF with a 12.00 MHz reference 
frequency. 

FM and WB (weather band) tuning is done using the con- 
ventional down conversion approach. Here the VCO signal 
is buffered to produce the LO signal and then mixed on chip 
with the RF signal to obtain an IF frequency at the MIXER 
output pins. This IF frequency is typically chosen to be 10.7 
MHz although placement at 1 1 .50 MHz can further enhance 
AM mode performance and minimize IF circuitry. 

The PLL provides phase comparator reference frequencies 
of 10, 12.5, 25, and 100 kHz. The tuning resolutions result- 
ing from these reference frequencies are determined by di- 
viding the reference by the premix modulus. Table II shows 
the tuning resolutions possible. 

The DS8911 contains the following logic elements: a volt- 
age controlled oscillator, a reference oscillator, a 1 4-bit pro- 
grammable dual-modulus counter, a reference frequency di- 
vider chain, a premix divider, a mixer, a phase comparator, a 
charge pump, an operational amplifier, and control circuitry 
for latched serial data entry. 

Features 

■ Direct synthesis of LW, MW, SW, FM, and WB 
frequencies 

■ Serial data entry for simplified processor control 

■ 10, 12.5, 25, and 100 kHz reference frequencies 

■ 8 possible tuning resolutions (see Table II) 

■ An op amp with high impedance inputs for loop filtering 

■ Programmable mixer with high dynamic range 




Connection Diagram 

Plastic Chip Carrier 



Order Number DS8911V 
See NS Package Number V28A 


Pin Descriptions 

Vcci: The Vcci pin provides a 5V supply source for all 
circuitry except the reference divider chain, op amp and mix- 
er sections of the die. 

Vcc 2 = The Vcc 2 pin provides a 1 2V supply source for the 
Op amp. 

Vccl: The Vqcl pin provides an isolated 5V supply source 
for the premix divider and mixer functions. 

VcCM= The VccM pin provides a 5V supply source for the 
reference oscillator and divider chain down through the 50 
Hz output, thus enabling low standby current for time-of-day 
clock applications. 

GND1, GND2, GNDL and GNDM: Provide isolated circuit 
ground for the various sections of the device. 

DATA and CLOCK: The DATA and CLOCK inputs are for 
serial data entry from a controller. They are CMOS inputs 
with TTL logic thresholds. The 24-bit data stream is loaded 
into the PLL on the positive transition of the CLOCK. The 
first 14 bits of the data stream select PLL divide code in 
binary form MSB first. The 1 5th through 24th bits select the 
premix modulus, the reference frequency, the bit output 
status, and the test/operate modes as shown in Tables I 
through V. 

ENABLE: The ENABLE input is a CMOS input with a TTL 
logic threshold. The ENABLE input enables data when at a 
logic “one” and latches data on the transition to a logic 
“zero”. 


BIT Outputs: The open-collector BIT outputs provide either 
the status of shift register bits 22, 23, and 24 or enable 
access to key internal circuit test nodes. The mode for the 
bit outputs is controlled by shift register bits 20 and 21. In 
operation, the bit outputs are intended to drive radio func- 
tions such as gain, mute, and AM/FM status. These outputs 
can also be used to program the loop gain by connection of 
an external resistor to IPROG. Bit 24 output can also be 
used as a 300 millisecond timer under control of shift regis- 
ter bit 1 9. During service testing, these pins can be used for 
the purpose of either monitoring or driving internal logic 
points as indicated in the TEST MODES description under 
Table V. 

VCOb and VCOe: The Voltage Controlled Oscillator inputs 
drive the 14-bit programmable counter and the premix divid- 
er. These inputs are the base and emitter leads of a transis- 
tor which require connection of a coil, varactor, and several 
capacitors to function as a Colpitts oscillator. The VCO is 
designed to operate up to 225 MHz. The VCO’s minimum 
operating frequency may be limited by the choice of refer- 
ence frequency and the 961 minimum modulus constraint of 
the 31/32 dual modulus counter. 

RF-t- and RF-: The Radio Frequency inputs are fed differ- 
entially into the mixer. 

IMXR: The bias current for the mixer is programmed by con- 
nection of an external resistor to this pin. The total mixer 
output current equals 4 times the current entering this pin. 
MIXER and MIXER: The MIXER outputs are the collectors 
of the double balanced pair mixer transistors. They are in- 
tended to operate at voltages greater than Vcci- 
OSCb and OSCc: The Reference Oscillator inputs are part 
of an on-chip Pierce oscillator designed to work in conjunc- 
tion with 2 capacitors and a crystal resonator. The DS891 1 
requires a 12 MHz crystal to derive the reference frequen- 
cies shown in Table II. 

The 12 MHz OSC signal is also used externally as the 2nd 
AM LO to obtain a 450 kHz 2nd IF frequency in the AM 
mode. 

2 MHz: The 2 MHz output is provided to drive a controller’s 
clock input. 

50 Hz: The 50 Hz output is provided as a time reference for 
radios with time-of-day clocks. 

IPROG: The IPROG pin enables the charge pump to be 
programmed from 0.25 mA to 1.0 mA by connection of an 
external resistor to ground. 

CPO: The Charge Pump Output circuit sources current if the 
VCO frequency is high and sinks current if the VCO frequen- 
cy is low. The CPO is wired directly to the negative input of 
the loop filter op amp. 

OP AMP: The OP AMP output is provided for loop filtering. 
The op amp has high impedance PMOS gate inputs and is 
wired as a transconductance amplifier/filter. The op amp’s 
positive input is internally referenced while its negative input 
is common with the CPO output. 
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Reference Tables 

TABLE I 


Bit 15 

Premix Moduius 

0 

-1 

1 

-10 


TABLE II 


Bit 

Reference 

Frequency 

Tuning Resolution 

O 

D 



D 

0 

10 kHz 

10 kHz 

1 kHz 

D 

1 

12.5 kHz 

12.5 kHz 

1.25 kHz 

n 

0 

25 kHz 

25 kHz 

2.5 kHz 

D 

1 

100 kHz 

100 kHz 

10 kHz 


TABLE III 


Bit 18 

Mode 

0 

Normal Operation* 

1 

Production Test 
Mode Oniy 


*The user should always load Bit 18 low. 


TABLE IV 


Bit 19 

Timer 

0 

Bit 24 Status 

1 

Bit 24 for 300 ms 


TIMER OPERATION 

The timer function is provided for use as a retriggerable 
“one shot” to enable muting for approximately 300 millisec- 
onds after station changes. The timer is enabled at bit 24’s 
output if the normal operating mode is selected (shift regis- 
ter bits 20 and 21 = “LOW”) and shift register bit 1 9 data is 
iatched as a “Hi”. The timer’s output state wili invert imme- 
diately upon latching bit 19 “HI” and remain inverted for 
approximateiy 300 miliiseconds. If the user readdresses the 
device with bit 19 data “LOW” before the timer finishes its 


cycie the timer’s BIT 24 output will finish out the 300 ms 
puise. Readdressing the device with bit 19 “HI” before the 
timer finishes its cycie wili extend the BIT 24 output pulse 
width by 300 ms. Addressing should be performed immedi- 
ately after the 50 Hz output transitions “Hi”. BIT 24’s output 
state is not guaranteed during the first 300 ms after Vcc^ 
power up as a result of a timer reset in progress. 


TABLE V 


Bit 

FUNCTION OF 
PINS 3, 4, & 5 

20 

21 

0 

0 

Status of Bits 22-24 

0 

1 

Test mode 1 

1 

0 

Test mode 2 

1 

1 

Test mode 3 


TEST MODE OPERATION 

Test Mode 1: Enables the BIT output pins to edge trigger 
the phase comparator inputs and monitor an internal lock 
detector. BIT 22 negative edge triggers the reference divid- 
er input of the phase comparator if the reference divider 
state is low. BIT 23 provides the open collector ORing of the 
phase comparator’s pump up and down outputs. BIT 24 
negative edge triggers the N counter input of the phase 
comparator if the N counter state is preconditioned low. 
Test Mode 2: Enables the BIT outputs to clock the pro- 
grammable N counter, monitor its output, and force either its 
load or count condition. BIT 22 provides the N counter out- 
put which negative edge triggers the phase comparator and 
which appears low one N counter clock pulse before it re- 
loads. BIT 23 positive edge triggers the N counter’s clock 
input if the prescaler’s output is preconditioned HI. BIT 24 
clears the N counter output so that loading will occur on the 
next N counter clock edge. 

Test Mode 3: Enables the BIT outputs to clock the 50 Hz 
and 10 kHz reference dividers and monitor the reference 
divider input to the phase comparator. BIT 22 positive edge 
clocks the 10 kHz reference divider chain if the 10 kHz out- 
put is preconditioned Hi. BIT 23 positive edge clocks the 50 
Hz divider chain. BIT 24 is the reference divider negative 
edge trigger input to the phase comparator. 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 

Storage Temperature Range 

-65°Cto +150°C 

contact the National Semiconductor Sales 

Office/ 

Lead Temp. (Soldering, 10 seconds) 


300°C 

Distributors for availability and specifications. 
Supply Voltage 
VccM 

7V 

Operating Conditions 

Min 

Max 

Units 

Vcci 

VcC 2 

7V 

15V 

VcCM 3-5 

5.5 

V 

Input Voltage 

7V 

Vcci 4.5 

5.5 

V 

Output Voltage 


Vcc2 7.0 

12.0 

V 

Logic 

7V 

Temperature, Ta -40 

+ 85 

°c 

Op Amp and Mixer Outputs 
ESD Sensitivity 

15V 

1000V 

Mixer Ibias 

(Mixer -t- Mixer Current) 1 

20 

mA 


DC Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 


Units 

V|H 

Logic “1 ” Input Voltage 


2.0 



V 

V|L 

Logic “0" Input Voltage 





V 

l|H 

Logic “1 ’’ Input Current 

V|N = 5.5V 



mm 

ftA 

l| 

Logic “1 ” Input Current 

Data, Clock and Enable Inputs, V|tg = 7V 



1 100 

ftA 

l|L 

Logic “0” Input Current 

Data, Clock and Enable Inputs, V|n = OV 



bq 

ftA 

VOH 

Logic "1” 
Output Voltage 

2 MHz 

Iqh = -20 ft A 

VcCM“0.3 



V 

Iqh = -400 ftA 

Vccm“2 



V 

Op Amp 

Iqh = -1.0 mA 

VCC2-1-5 



V 

VoL 

Logic "0” 
Output Voltage 

2 MHz 

Iql = 20 fiA 




V 

Iql — 400 ftA 



ESI 

V 

50 Hz 

Iql = 250 ftA 



Kb 

V 

Bit Outputs 

Iql = 1 mA 



ESI 

V 

Op Amp 

Iql == 1.0 mA 




V 

Vbias 

Op Amp Input VA 

Op Amp I/O Shorted, Vcci = 5.5V, Vcc 2 = 12V, 
CPO = TRI-STATE®, Op Amp Ioh vs. Iql Applied 



200 

mV 

ICEX 

High Level 
Output Current 

Bit Outputs 

Vcci = 4.5V, Vo = 8.8V 



100 

ftA 

50 Hz 

VcCM = 3.5V, Vo = 5.5V 



10 

ftA 

Mixers 

VcCL = Vcci =4.5V,Vo=12V 



100 

ftA 

icpo 

Charge Pump Program 
Current 

0.25 mA < Icpo < 1-0 mA 
2 IpROG = Vcci/RpROG. 
Measured IppoG *o CPO 

Pump-up 

-30 

2 IpROG 

KB 

% 

Pump-down 

-30 

2 IpROG 

l&l 

% 

TRI-STATE 


0 

100 

nA 

ICCM 

VccM Supply Current 
(Static) 

VcCM = 5.5V, OSCC = High 


0.5 

1.0 

mA 

icci + 
ICCL 

Vcci + VccL 
Supply Current 

Vcc = 5.5V, Bits Hi, I^XR and Irrog Open 


25 

35 

mA 

ICC2 

Vcc2 Supply Current 

Vcc2 ■ 12V 


1.5 

2.5 

mA 

Mixer 

■bias 

Mixer + Mixer 
Current (Note 4) 

Vcci = VccL = 5.5V, Mixer = Mixer = 12V 

-25 

4 Imxr 

+ 25 

% 

RF|n 

Mixer Input Max 
Signal Level 

Mixer Ibias = 20 mA 
RF+ or RF- Signal Level 


300 


mVrms 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range", 
they are not meant to imply that the device should be operated at these limits. 

Note 2: Unless otherwise specified, min/max limits apply across the -40”C to +85°C temperature range. 

Note 3: All currents into device pins are shown as positive, out of device pins as negative, all voltage referenced to ground unless otherwise noted. All values 
shown as maximum or minimum on absolute value basis. 

Note 4: Total mixer output current (Mixer + Mixer) s 4 times the current into the I^xr pin. 
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AC Electrical Characteristics (Note 2) 


Symbol 

Parameter 

tr 

20%-80% Rise Time 

tf 

80%-20% Fall Time 

DATAsu 

Data Setup Time 

DATAh 

Data Hold Time 

ENsu 

Enable Setup Time 

ENh 

Enable Hold Time 

ENpw+ 

Enable Positive Pulse Width 

CLKpw+ 

Clock Positive Pulse Width 

CLKpw- 

Clock Negative Pulse Width 

VCO fmax 

VCO Max Frequency 

OSC fmax 

Reference Oscillator 
Max Frequency 


Conditions 



See Typical Wiring Diagram 


VccM = 3.5V 


Timing Diagram 



MICROWIREtm Bus Format 

DATA I 1 I 0 I n 0 I 1 I 0 0 n n 0 0 I 1 | 0 0 


nn_ 


BIT 22 OUTPUT 


BIT 23 OUTPUT 


BIT 24 OUTPUT 
BIT POSITION 


PREMIX SELECT — ' 

REFERENCE FREQUENCY SELECT — J 

PRODUaiON TEST BIT 


1 2 ••• 13 14 |15||16 17 I |18| |19| |20 21 | 1 22 23 24 

MSB T N CODE LSB | I V V T T 


BIT OUTPUTS 

^ TEST MODE CONTROLS 
TIMER CONTROL 
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TABLE VI. DS8911 Tuning Characteristics 


IF 

Frequency 

(MHz) 


11.55/.450 



Premix 

Modulus 



162.4-162.6 


59.75-87.75 


179.75-215.75 169.1-205.1 


Input and Output Schematics 


Reference 

Frequency 

(kHz) 


10 


10, 12.5,25, 100 


10, 12.5, 25 


10, 12.5, 25, 100 


12.5, 25 


Tuning 

Resolution 

(kHz) 


1,1.25,2.5,10 


1, 1.25, 2.5 


10, 12.5,25, 100 


12.5,25 





I yxR RESISTOR CALCUUTION 
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Logic Diagram 


DS8911 PLL Synthesizer 



Note 1: The 14 bit programmable N counter is a dual modulus counter with 31/32 prescaler. The minimum continuous modulus of the N counter is 
961. (There are a limited number of valid modulus codes below 961.) 
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Digital PLL Synthesis 


I. System Concepts 

INTRODUCTION 

Digital tuning systems are fast replacing the conventional 
mechanical systems in AM/FM and television receivers. 
The desirability of the digital approach is mainly due to the 
following features: 

■ Precise tuning of station frequencies 

■ Exact digital frequency display 

■ Keyboard entry of desired frequency 

■ Virtually unlimited station memory 

■ Up/down scanning through the band 

■ Station “search” (stop on next active station) 

■ Power on to the last station 

■ Easy option for time-of-day clock 

In addition, recent developments in large scale integrated 
circuit technology and new varactor diodes for the AM band 
have made the cost-benefit picture for digital tuning very 
attractive. System partitioning is extremely important in opti- 
mizing this cost-benefit picture, as will be discussed. 


National Semiconductor 
Application Note 335 
Craig Davis 
Tom Mills 
Keith Mueller 


SYSTEM DESCRIPTION 

A simplified block diagram of a typical digitally tuned receiv- 
er is shown in Figure 1. Notice this receiver could be one for 
AM, FM, marine radio, or television; it makes no difference. 
The frequency synthesizer block generates the local oscilla- 
tor frequency for the receiver, just as a conventional me- 
chanical tuner would. However, the phase-locked-loop 
(PLL) acts as an integral frequency multiplier of an accurate 
crystal controlled reference frequency while the mechanical 
type provides a continuously variable frequency output with 
no reference. Some method of controlling the value of the 
multiplier for channel tuning must be provided. The other 
RF, IF, and audio/video circuitry will be the same as in the 
mechanical tuning method. 

There are many different ways to partition the frequency 
synthesizer system to perform the digital tuning function. 




FIGURE 1. Block Diagram of a Digitally Tuned Receiver 
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PROGRAMMABLE CONTROLLER FUNCTION 

The most cost-effective application of different 1C process 
technologies is shown in Figure 2. The controller is separate 
from the PLL. The controller can be as simple as a mask 
programmable microcontroller* or as complicated as a high- 
powered microprocessor system. It can be done most eco- 
nomically with NMOS technology because of the logic den- 
sity possible and the small size of the RAM/ROM memory 
cells. It could also be CMOS for extremely low power con- 
sumption in standby mode. 

BASIC PHASE-LOCKED-LOOP FUNCTION 

The DS8906/7/8 series of PLLs utilize a dual-modulus fre- 
quency synthesis technique. The reasons for this and the 
PLL itself will now be discussed. 

Figure 5 is a diagram of the most simple phase-locked-loop. 
A particular reference frequency is generated by a crystal 
oscillator and some fixed divider, and this goes into one side 

•Such as National’s COPtm family. 


of a digital phase comparator. A voltage controlled oscillator 
(VCO) feeds directly into the other input of the phase com- 
parator. The output of the phase comparator is an error sig- 
nal which is filtered and fed back to the VCO as a DC con- 
trol voltage. 

In lock, the phase error must be zero, so f|N equals fREp. 
This system provides only one output frequency, that being 
equal to the reference frequency. 

Figure 4 is basically the same but now a programmable di- 
vide-by-N counter is between the VCO and the phase com- 
parator. The input to the phase comparator (f|N) now be- 
comes the output frequency of the VCO (four) divided by N, 
where N is the division code loaded into the programmable 
counter. This means four/N must equal fREP- Thus, the 
VCO output frequency becomes N x fRpp, and fouT can 
now be changed in integral steps of fREp by merely chang- 
ing N. 


n r 

J L- 


PRQGRAMMABLE 

CONTROLLER 


! ON/OFF I 

I ALARM I 

I^CIRCUITRY J 


FREQUENCY 

DISPLAY 

nrn 


T r TIME OF DAY 
I I DISPLAY j 


_UJ-U— _UJLU-. 

I DISPLAY I I DISPLAY I 
I _CONTRDLLER | | CDNTRDLLER | 


FREQUENCY 

SYNTHESIZER 

BLOCK 

(PLL, LPF, VCO) 


‘-“sTATid I 

DETECT * ' * 

FIGURE 2. System Block Diagram 



FIGURE 3. Basic Phase-Locked-Loop 



l|N = *REF 
I - !oyr 

‘in- — 

<OUT _ , 

— -'REF 

four = N X tREF 
= <REF 


FIGURE 4. Basic PLL Frequency Synthesizer 
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In applications where the output frequency desired exceeds 
the maximum clock frequency of available programmable 
dividers, a common solution is to add a prescaler preceding 
the programmable divider, as shown in Hgure 5. In this case 
foUT = N (M X fpiEp) and so the output frequency step size 
becomes M x fRPF- So, while this technique allows higher 
frequency operation, it does so at the expense of either 
increased channel spacing for a given reference frequency, 
or decreased reference frequency if a specific channel 
spacing is required. This latter limitation is often undesirable 
as it can cause increased lock-on time, decreased scanning 
rates, and sidebands at undesirable frequencies. 


Figure 6 shows the basic dual-modulus scheme. Here, a 
dual-modulus prescaler Is substituted for the fixed prescaler 
and the modulus is controlled by programmable counters. 
The advantage to this approach is that the step size is again 
equal to the reference frequency while the prescaling still 
allows the programmable counters to operate at lower fre- 
quencies. As in the fixed prescale technique, only the pre- 
scaler needs to be high speed. The DS8906/7/8 prescale 
by 7/8 for AM and in a similar fashion by 63/64 in FM. 



t|N = tpEF 
, _ <OUT 

N X M 


four = (N X M) fpEF 


TL/F/5269-5 fo^T = N (M X fpEF) 

FIGURE 5. PLL Frequency Synthesizer with Fixed Prescaier 


fSTEP = M X fpiEF 



FIGURE 6. Basic Dual-Modulus Frequency Synthesizer 



•step = fpEF 


•if fpFF = t|N. then "tuned” 
if fpFF * t|N> then “not tuned” 


TL/F/5269-6 
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II. Application Hints 

VOLTAGE CONTROLLED OSCILLATORS 

In all radio and television applications, the voltage con- 
trolled oscillator (VCO) is a varactor tuned. LC type of cir- 
cuit. The LC circuit is used over the various RC current con- 
trolled circuits because of their superior noise characteris- 
tics. Figure 7 shows a collection of popular VCOs used in 
radio and television tuners. The AM VCO is a Hartley design 
chosen for wide tuning range. Commonly used varactors will 
show a capacitance change of 350 pF at 1 V to 20 pF at 8V, 
which if used in a low capacitance oscillator circuit, can pro- 
duce a tuning range approaching 3 to 1 . 


In the higher frequency ranges, above 50 MHz, Colpitts os- 
cillators are used because stray circuit capacitance will be in 
parallel with desired feedback capacitance and not cause 
undesirable spurious resonances that might occur with the 
tapped coil Hartley design. The FM VCO shown is a ground- 
ed base design with feedback from collector to emitter. A 
UHF television oscillator is also shown. It too is a grounded 
base oscillator, but using a transmission line as the reso- 
nant element instead of a coil. The transmission line and 
tuning capacitors are arranged in tt network which offers 
improved noise characteristics over a parallel tuned circuit. 
This circuit will tune over almost an octave. 


Hartley Oscillator 


TUNING 

VOLTAGE B+ 



Colpitts Oscillator 



Colpitts Oscillator 
TUNING 


B+ VOLTAGE 



Tuning range ^ 1.8:1 


FIGURE 7. Typical VCO Circuits (Typical Values Shown) 




PLL LOOP FILTER CALCULATIONS 

Andrzej Przedpelski, in two articles published in Electronic 
Design (#19, Sept. 13, 1978 and #10, May 10, 1978) ex- 
plains how to calculate the three time constants associated 
with a third order type 2 loop which is typically used with the 
DS8906/7/8 series. Figure 8 explains his method and 
shows a sample calculation. His articles illustrate how to 
calculate three time constants, and plot open loop gain and 
phase, and closed loop noise response. 

It should be noted that VCO gain, Ky, is in terms of radians 
per second per volt, and phase detector gain, Kq, is in terms 
of amps per radian. The phase detector gain for the 
DS8906/7/8 series is ± Iqut divided by 47 t. 


Figure 9 illustrates an example calculation of time con- 
stants, and a plot of open loop gain and phase based on the 
preceding analysis. 

REFERENCES 

1. Manassewitsch V., "Frequency Synthesizers" (Wiley, 
New York, 1976) 

2. Rohde, A. L., "Digital PLL Frequency Synthesizers" 
(Prentice Hall, Englewood Cliffs, 1983) 

3. Egan, W. F., "Frequency Synthesis By Phase Lock" (Wi- 
ley, New York, 1981) 
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T1 -- R1C1 
T1 = R1C2 


ey 

1 FST1 

Iq 

SCI (1 FST2) 

G(S) 

KqKv P+sti\ 
NS2C1 V1+ST2/ 

T2 

1 -tan <(> cos (j> 


a>o cos <j) 

T1 

“ a>o^2 

Cl 

KqKv |'-o>oT1-1\ 

No)q2 \ 0)oT2-M / 

where 6 

= desired phase margin 

<i>0 

= loop natural frequency 
= closed loop bandwidth 


Note: DS8909 op amp required C3 = 1000 pF for compensation. 


FIGURE 8. Third Order Type 2 Loop 



VHF loop, running at 100 MHz, ref = 10 kHz 
Kv = 2.5 MHz/V = 15.7 Mrad/sec/V 
400 uA 

Kd = — = 31.8 nA/radian 
100 MHz 

N = = 10,000, 0)0 == 2xr x. 100 Hz 

10 kHz ^ 

0 = 45 ° (desired phase margin) 

T2 = 6,6 ■ 10 “> sec 

T1 = 3,84 - 10- 3 sec 

Cl “ 0.3 mF 

so R1 = T1/C1 = 13 k!l 

C2 = T2/R1 = 0.05 nF 


TL/F/5269-11 

FIGURE 9. Example of Gain and Phase Calculation 
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The last equation is in the final form used internally by the 
DS8906/7/8. The equation indicates that, if N is loaded into 
the device, it will solve for N + 1 . 

The minimum continuous N modulu^ (code) the equation 
dictates s^uld occur when A = B. B maximum = 63 im- 
plies A = 62, B = 63 should be an illegal N -I- 1 code (N + 
1 = 3969). However, because this is just inside the lower 
FM band limits, extra circuitry was added to enable this par- 
ticular code’s operation. The actual minimum N + 1 wde 
for these PLLs thus becomes the case when A = 61, B = 
61, N + 1 minimum = 3907. There are legitimate N -I- 1 
codes below this 3907 value, however, they are not continu- 
ous. (i.e.. Starting at 3907 and counting down, one addition- 
al code is in error every 63 codes. Thereafter, these errone- 
ous codes are the cases where A < B.) The sequence of 
illegal codes is shown in Figure 10. 


Loaded Value 
of N 

A 

B 

Status 

Actual Locked 
N -F 1 Value 

3906 

61 

61 

OK 

3907 

3905 

61 

62 

illegal 

3907 

3904 

61 

63 

illegal 

3907 

3903 

60 

0 

OK 

3904 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

3843 

60 

60 

OK 

3844 

3842 

60 

61 

illegal 

3844 

3841 

60 

62 

illegal 

3844 

3840 

60 

63 

illegal 

3844 

3839 

59 

0 

OK 

3840 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

3780 

59 

59 

OK 

3781 

3779 

59 

60 

illegal 

3781 

3778 

59 

61 

illegal 

3781 

3777 

59 

62 

illegal 

3781 

3776 

59 

63 

illegal 

3781 

3775 

58 

0 

OK 

3776 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

3717 

58 

58 

OK 

3718 

3716 

58 

59 

illegal 

3718 

3715 

58 

59 

illegal 

3718 

3714 

58 

60 

illegal 

3718 

3713 

58 

61 

illegal 

3718 

3712 

58 

63 

illegal 

3718 

3711 

57 

0 

OK 

3712 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 


FIGURE 10. FM Mode Dual-Modulus Counting Below the Minimum Continuous N Code of 3906 


DUAL-MODULUS COUNTING RANGE LIMITATIONS 

• Minimum count limitations 

• Maximum count limitations 

The DS8906/7/8 series PLLs utilize a dual-modulus count- 
ing scheme internally based on a 63/64 prescale modulus 
in FM mode in order that all of the U.S. FM frequency as- 
signments could be reached using a 25 kHz reference. The 
counter modulus N = 64A + B where B is the 6 least 
significant bits of N and A is the 7th and greater significant 
bits of N. 

N = 64A + B_ 

N = 64A -f- 63 - B (B = 63 - B)_ 

1 + N = 64A -f- 63 -F J - 64B + 63B 
1 -f- N = 64(A + 1 - B) -F 63B 
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Maximum code limits for these dual-modulus PLLs are de- 
termined by the N code bit length. The DS8906 and DS8908 
have a 14-bit N counter allowing 16,383 counts. The 
DS8907 has a 13-bit N node length, allowing a maximum N 
count of 8,191. See Figure 11 for table operating ranges of 
the DS8906, DS8907 and DS8908 PLLs. 

CONCLUSION 

The major application for the DS8906/7/8 PLLs are synthe- 
sizers for AM-FM radios, and have been widely accepted in 


the marketplace. Figure 12 shows the block diagram of 
such a radio. In this application the following performance 
relating to the PLL tuning system is realized. 

PLL Loop Bandwidth 300 Hz 

Reference Frequency Sidebands > 60 dB 

Signal-to-Noise Ratio 

AM: 30% modulation >50 dB 

FM: 22.5 kHz deviation > 55 dB 

Switching Speed (one channel) < 1 .5 ms 




Ref 

f|N(Hz) 



(Hz) 

Min* 

Max 

DS8906 

AM 

500 

24.5k 

8.193M 


FM 

12.5k 

48.8375M 

120M 

DS8907 

AM 

10k 

490k 

15M 


FM 

25k 

97.675M 

120M 

DS8908 

AM 

Ik 

49k 

15M 



9k 

441k 

15M 



10k 

490k 

15M 



20k 

980k 

15M 


FM 

Ik 

3.907M 

15M 



9k 

35.163M 

120M 



10k 

39.07M 

120M 



20k 

78.14M 

120M 


•The minimum frequency shown is obtained when the minimum continuous N code is 
utilized and it assumes the edge rates >20V//xs. 

FIGURE 11. Product Operating Frequency Range 



MIVI5450 LED 
DISPLAY C0PS470 VF 

DRIVER MM5445 

C0PS472 LCD 


DS8906 (EUROPE) 
DS8907 (U.S.) 
DS8908 (EUROPE AND U.S.) 


FIGURE 12. AM-FM Digitally Tuned Radio System 
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DS891 1 AM/FM/TV Sound 
Up-Conversion Frequency 
Synthesizer 


National Semiconductor 
Application Note 512 



INTRODUCTION 

This application note describes an AM/FM radio implement- 
ed using the DS891 1 Up-Conversion Frequency Synthesiz- 
er. This synthesizer was designed to utilize up-conversion 
techniques to reduce the manufacturing costs and labor re- 
quirements associated with alignment of an AM radio front 
end. 

The conventional high performance AM radio requires at 
least three tuned circuits for AM reception (see Figure 1). 
These tuned circuits include 3 varactor diodes which must 
be matched to ensure tracking over a wide Local Oscillator 
(LO) operating range. The cost of these matched varactors 
and labor associated with alignment of the three stages is 
significant. 

The three circuits are: 

a. RF antenna input 

b. RF amplifier output 

c. Local oscillator 


THE UP-CONVERSION AM RADIO USING THE DS8911 

In an up-conversion AM radio the local oscillator and first IF 
frequency are chosen to be much higher in frequency than 
the received signal. This totally eliminates image problems 
since the image is far above the band of interest. In this 
application an IF of 11.55 MHz was chosen. This enables 
the RF front end to be untuned. A simple low pass filter is 
included to roll off frequencies above 2 MHz. The first mixer 
in an up-conversion design is subjected to the entire AM 
band and thus a very high dynamic range mixer (provided as 
part of the DS8911) is essential to prevent overload due to 
strong signals. Figure 2 shows the block diagram of the ra- 
dio using an up-conversion scheme. Notice the three AM 
tuned stages mentioned in the conventional down-conver- 
sion scheme have been eliminated. 

Note the dramatic simplification summarized below: 

a. Untuned AM RF amplifier 

b. One VCO internally generates the LO for both AM and 
FM modes 

c. A common AM/FM mixer 

d. Reduced number of tuning and tracking adjustments 



FIGURE 1. Conventional Electronically Tuned Radio 


TL/F/9449-1 


8-56 










FIGURE 2. Up’Converslon Electronically Tuned Radio 


TL/F/9449-2 


THE DS8911 IN AN ACTUAL RECEIVER APPLICATION 

Shown below is a block diagram of the DS891 1 demonstration radio. 



12V IN 


TL/F/9449-3 

FIGURE 3. Block Diagram of DS8911 Up-Conversion Radio 
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THE DS8911 MIXER AND IF FILTER SECTION 

A mixer is provided on the DS891 1 IC for both the FM con- 
version to 11.50 MHz and the AM first conversion to 11.55 
MHz. The 2nd AM conversion to 450 kHz is provided by the 
mixer within the AM IF IC. If other partitioning constraints 
require that the first mixer be external to the DS8911, the 


RF inputs of the mixer can be de-biased which results in 
passing the internally generated LO signal to the mixer out- 
put pins. 

The DS9811 Mixer/Synthesizer section is shown in Figure 

6 . 



FIGURE 6. DS8911 Mixer/Synthesizer Section 



GNDL 


FIGURE 7. Mixer Bias Circuitry 
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The DS891 1 double balanced mixer is differentially driven 
by center-tapped T1 into the RF-I- and RF- inputs. These 
are emitter inputs with an approximate impedance of 25ft. 
Current through the double balanced mixer is set by R20, 
shown in Figure 7. The total bias current through the sum of 
the mixer transistors whose collectors are at ImIxer (Pin 5) 
and Imixer (pin 6), is four times the current set by R20. 

(Imixer + Imixer) = 4 x Ij^xr 
A simple equation for calculating the value of R20 is shown 
in Figure 7. The mixer current in this evaluation board is set 
at 8 mA. 

The local oscillator signals used for AM and FM tuning are 
derived from a single VCO within the DS8911. This VCO’s 
range is from 98 to 120 MHz. In the AM mode this VCO is 
divided by ten to become the first LO input for the DS891 1 
mixer. The VCO frequency is set by the external inductor L3 
and varactor D1 (see Figure 6). Inputs VCOE and VCOB 
form a Colpitts oscillator with the external components men- 
tioned above. The VCO is capable of operating within the 
range of 40 to 225 MHz. However, most varactors operate 
in an approximately 2.5 to 1 capacitance range. At best, this 
translates to a 1 .58 to 1 frequency range (f = V27r>/LC). At 
FM frequencies using MV104 varactor diodes, it is possible 
to tune over a 25 MHz band. When the DS891 1 is switched 
into the AM mode, the same VCO is used, except it is inter- 
nally divided by ten. This then gives us a 2.5 MHz tuning 
range which is sufficient to cover the AM band including LW 
for European applications. It should be noted that when di- 
viding the VCO by ten we increase the tuning resolution by 
ten. For example, when the VCO is tuned with a 10 kHz 
resolution, the divided by ten AM LO signal has a 1 kHz 
tuning resolution. 

The DS8911 incorporates a zero deadband charge pump 
circuit in the phase detector portion of the internal PLL. This 
results in a VCO that is very stable, and has very low phase 
noise. This is particularly advantageous when considering 
AM stereo reception. 


DS8911 IF FILTERS 

Referring to Figure 6, the output o f the DS891 1 mixer is a 
differential output, MIXER, MIXER; pins 5 and 6 respective- 
ly. This output is applied to the center-tapped primary of T2, 
the mixer output transformer, which is tuned to 1 1.55 MHz. 
The AM IF frequency was chosen to be 1 1 .55 MHz so that it 
would mix directly with the 12 MHz clock to produce a sec- 
ond IF frequency of 450 kHz. The FM IF frequency was 
chosen to be 11.50 MHz to enable the use of a common 
tuned 1st IF transformer (T2) for both AM and FM. 

A low impedance tap on the secondary of T2 is used to 
drive FL3 and subsequent buffer circuitry which is fed to the 
FM IF section. Both FL3 and FL4 are 11.50 MHz ceramic 
resonators. The higher impedance portion of T2’s second- 
ary drives FL1 in series with optional FL2 which form the 
primary AM filtering. These are 1 1 .55 MHz crystal filters with 
a 6 dB bandwidth of 7.5 kHz. Using FL1 alone is quite satis- 
factory, however steeper selectivity skirts are possible if FL2 
is included. When both FL1 and FL2 are used, they must be 
a matched set. The AM IF filter section is interfaced to the 
AM IF section by transformer T3, shown in Figure 6. 

THE AM IF SECTION 

The AM IF section of the DS891 1 evaluation board is imple- 
mented using a conventional fully integrated AM radio chip, 
the SANYO LA1 130. See Figure 8 for schematic of the AM 
IF section. This device is used in this configuration to re- 
ceive the modulated AM carrier signal at 1 1.55 MHz, down- 
convert it to 450 kHz, and decode the AM modulation. The 
LO input signal for the LA1 130 is provided from the 
DS891 1’s 12 MHz crystal oscillator. This LO signal is inject- 
ed into the OSC pin (pin 4). The low level 11.55 MHz IF 
signal from the crystal filter is injected into the RF INPUT 
(pin 2). The RF OUTPUT (pin 5) is tuned to 1 1.55 MHz with 
T4 and applied to the second MIXER INPUT (pin 6). Trans- 
formers T5 and T6 are tuned to 450 kHz. 

It should be noted that T4 could be replaced by a ceramic 
resonator centered around 1 1 .50 to 1 1 .55 MHz with a band- 
width of several hundred kHz. Transformer T5 could be 
eliminated and T6 replaced with a 450 kHz resonator to 
produce a minimum tuned circuit design. 





TL/F/9449-8 

FIGURE 8. AM IF Circuitry 
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Detected audio is available at pin 14 (Mono AM out test 
point). AGO is generated internal to the LA1130, buffered by 
Q8 and applied to Q10, located in the AM front end. 

THE FM IF SECTION 

The FM IF filtering is done by FL3 (Figure 6) and FL4 (Figure 
9) which precede the IF amplifier chip IC6, an LM3089. FM 
quadrature detection is done on chip. External inductor T9 is 
adjusted for correct FM demodulation. Audio output is made 
available on pin 6 (FM mono out test point). This is fed to 
the stereo decoder IC8. (Figure 1 1) 

THE STEREO DECODER SECTION 

The stereo decoders are a standard configuration with their 
outputs resistively summed into the dual volume control po- 
tentiometer, Rvoi- 


Device IC7, shown in Figure 10, is a Motorola MC1 3020P, 
an AM stereo decoder designed to decode the C-Quam AM 
stereo format. Because this chip needs a relatively high lev- 
el 450 kHz IF signal to operate, transistors Q4 and Q5 boost 
the IF signal from T6 and apply it to pin 3 of IC7. 

The FM stereo decoder, shown in Figure 11, is IC8, an 
LM1800. This device performs the FM stereo multiplex de- 
coding. This circuit is standard and used in numerous con- 
sumer applications, therefore is mentioned only briefly. 

The audio output section, shown in Figure 12, consists of 
two LM386 devices, IC3 and iC1 1 . These are used simply to 
drive a pair of monitor loud speakers. No special de-empha- 
sis of the audio has been done in this evaluation board. This 
should be taken into account if performance measurements 
are done on this board. 


12VB 



TL/F/9449-9 

FIGURE 9. FM IF Circuitry 
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POWER SUPPLIES 

The evaluation board is designed for 1 2 VdC nominal opera- 
tion. The power to various sections is controiled by the mi- 
crocontroiier via Q11, Q12, Q13, and Q14 shown in Figure 
13. On board regulation is provided by IC4, and 8V reguiator 
(used for the signal circuits), and ICS, a 5V regulator (used 
for the logic circuits). The 1 2V power is used to operate the 
rest of the circuitry. No provisions have been made on the 
board for automobile load dump protection. 


Operating instructions for the DS891 1 
Application Board 

The DS8911 AM/FM radio application board contains a 
built-in COPS controller which is programmed to send a 24- 
bit serial data stream to the DS8911 each time a key is 
pressed on the 4 by 4 keypad. Additionally, new data is sent 
to the display. 

Power up. 

Upon power up the radio will tune 98.5 MHz in the FM band. 
The store keys are preset to tune this frequency in the FM 
band and 810 kHz in the AM band. 


Key Functions. 

AM/FM: This key switches between the AM and FM bands. 
If the key is pressed while in FM, the station is first stored 
internally and then the band is changed to AM, recalling the 
last station played. 

Note: An "A” will appear in the left digit location on the display while in the 
AM band, and no letter will appear for the FM band. 

Tune up ( t ), tune down (4,): Steps the tuned frequency by 
one reference increment at each key stroke. 

Fast tune up (t T). tune down (i i): Holding this key 
down steps the frequency up or down repetitively for speedy 
tuning. There are upper and lower tuning limits which vary 
according to what reference frequency the DS891 1 is using. 
STO 1 /2/3: A station may be stored by pressing the STO 
key and then the desired store location 1, 2 or 3 . An “S” 
will show up in the left digit space prompting the user for a 
store location. 

A station may be recalled by directly pressing the store 1 , 2 
or 3 location. FM stations will be recalled while in the FM 
band and AM stations will be recalled while in the AM band. 


C51_L 

220 AtF~p 


AM/FM BAND 
SWITCH CONTROL 



FIGURE 13. Power Supply Circuitry 
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Column 

Row 

Function 
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D 
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D 
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FIGURE 14. Microprocessor Control and Display Section 
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LO: The LO key will display the local oscillator frequency 
that corresponds to the present tuned frequency. The LO 
frequency displays for a few seconds and then the tuned 
frequency returns. 

TEST MODE: This key allows the user to choose between 
mode 0, 1 , 2 or 3. Each time the key is pressed the test 
mode will rotate and display the new mode for a few sec- 
onds before the tuned frequency reappears. A keypress will 
not be recognized until the tuned frequency reappears. The 
system powers up in test mode 0. 

REF: This key allows the user to change the reference fre- 
quency used by the DS891 1. Each keypress rotates the ref- 
erence frequency from 100 kHz to 10 kHz, 10 kHz to 
12.5 kHz, 12.5 kHz to 25 kHz or 25 kHz to 100 kHz depend- 
ing where it started. The tuned frequency will be recalculat- 
ed using the new reference frequency and displayed. If the 
tuned frequency Is too high or low, a multiple or a non-inte- 
ger of the new reference frequency, the program will auto- 
matically rotate to the next legal reference frequency, dis- 
play it for a few seconds, and then return to displaying the 
tuned frequency. The system powers up in the 100 kHz 
mode. 

BIT 22, 23, 24: Each of these keys changes the high or low 
state of bit 22, 23 and 24 in the serial data stream to the 
DS8911. The bits power up low and may be changed high 
independently by pressing the appropriate key. The display 
will then show the status of all three bits in the right three 
digit spots. 

Example; Bit 23 high, bit 22 and 24 low. = |0|1 10| 

ALIGNMENT 

1. In FM mode tune to 98.5 MHz. Adjust L3 while monitoring 
DC voltage on OP AMP, pin 26 of IC1. Adjust L3 for a 
reading of 3.4 Vdc. 

2. Switch to AM mode. Set generator for 810 kHz, 30% 
modulation, 400 Hz. RF level: 100 /xV. Use 40 pF dummy 
antenna. 

3. Adjust T2, T3, T4, T5, T6 for maximum sensitivity as mea- 
sured at speaker output using suitable AC voltmeter. 

Note: As signal strength increases with alignment, appropriately reduce the 
RF output of signal generator. 


4. Switch to FM mode and tune to 98.5 MHz. Set FM gener- 
ator to 98.5 MHz. Set RF output to 100 juV, modulation 
400 Hz, deviation 22.5 kHz. Use 5011 termination on an- 
tenna input. 

5. Adjust T9 for maximum recovered audio and mininum dis- 
tortion. 

6. Adjust T7 and T8 for maximum sensitivity. Reduce RF 
level of generator as needed. 

7. Tune to stereo FM station. Adjust R70 for D5 “On.” 
100 jLiV, modulation 400 Hz, deviation 22.5 kHz. Use 5011 
termination on antenna input. 

5. Adjust T9 for maximum recovered audio and minimum 
distortion. 

6. Adjust T7 and T8 for maximum sensitivity. Reduce RF 
level of generator as needed. 

7. Tune to stereo FM station. Adjust R70 for D5 “On”. 

TYPICAL SPECIFICATIONS 

AM SIGNAL-TO-NOISE 


RF Level 

S/N 

12 jLiV 

14dB 

45 /aV 

27 dB 

1000 /xV 

49 dB 


AM RADIO SENSITIVITY 
540-1000 kHz 6.7 jaV 

1000-1600 kHz 8.9 jxV 

AM RADIO SELECTIVITY 

Input level = 2 x Radio AM selectivity level 


6 dB audio level Bandwidth 8.0 kHz 

Input level = 200 x Radio AM selectivity level 
6 dB audio level Bandwidth 24 kHz 

AM STRONG SIGNAL DISTORTION 

RF Level % Distortion 

80 mV 1 

800 mV 1 

1 500 mV 3 

AGC figure of merit = 54.9 




AM SPURIOUS RESPONSE 


Freq. kHz dB 

700 -15 

850 -9.5 

913 -12 

1051 -8 

1074 -11 

1198 -16 

AM CROSS MODULATION 

Ref. Gen. Level = 200 jaV (Radio tuned to Ref. Gen.) 

Frequency = 1.01 MHz 

Gen #2 Level = 10,000 jaV 

Gen #2 signal appears 30 dB down* 

Frequency =1.05 MHz 

FM Signal to Noise 



0 10 20 30 40 50 60 70 


Input Level dB Microvolts 

TL/F/9449-16 


% Total Harm Dist Output Level dB uV 


AM Signal to Noise 
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AM Percent Harmonic Distortion 
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National 

Semiconductor 


Military/ Aerospace Programs from 
National Semiconductor 


This section is intended to provide a brief overview of mili- 
tary products available from National Semiconductor. For 
further information, refer to our 1987 Reliability Handbook. 

MIL-M-38510 

The MIL-M-38510 Program, which is sometimes called the 
JAN IC Program, is administered by the Defense Electronics 
Supply Center (DESC). The purpose of this program is to 
provide the military community with standardized products 
that have been manufactured and screened to government- 
controlled specifications in government certified facilities. 
All 38510 manufacturers must be formally qualified and their 
products listed on DESC’s Qualified Products List (QPL) be- 
fore devices can be marked and shipped as JAN product. 


There are two processing levels specified within MIL-M- 
38510: Classes S and B. Class S is typically specified for 
space flight applications, while Class B is used for aircraft 
and ground systems. National is a major supplier of both 
classes of devices. Screening requirements are outlined in 
Table 3. 

Tables 1 and 2 explain the JAN device marking system. 
Copies of MIL-M-38510, the QPL, and other related docu- 
ments may be obtained from: 

Naval Publications and Forms Center 
5801 Tabor Avenue 
Philadelphia, PA 19120 
(212) 697-2179 


TABLE I. The MIL-M-38510 Part Marking 
J M 3 8 5 1 0 / X X X X X Y Y Y 



Radiation Hardness Assurance 
Indication per paragraph 
3.4.1. 3 of MIL-M-38510 

MIL-M-38510 


The JAN Prefix 

(which may be applied only to 
a fully conformant device per 
paragraphs 3.6.2.1 and 3.6.7 of 
MIL-M-38510) 

TL/XX/0113-1 
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MIL-M-38510 (Continued) 


TABLE II. JAN Package Codes 


38510 

Package 

Designation 

Microcircuit Industry 
Description 

A 

14-Pin yv' X 1 / 4 " (Metal) Flat Pack 

B 

14-Pin 3/15" xy 4 " Flat Pack 

C 

14-Pin %" xy 4 " Dual-ln-Line 

D 

14-Pin V 4 " X %" (Ceramic) Flat Pack 

E 

16-Pin yi" xye" Dual-ln-Line 

F 

1 6-Pin V 4 " X Ya" (Metal or Ceramic) Flat Pack 

G 

8 -Pin TO-99 Can or Header 

H 

1 0-Pin y 4 " X y/ (Metal) Flat Pack 

1 

10-Pin TO-100 Can or Header 

J 

24-Pin yz" X 1 y^" Dual-ln-Line 

K 

24-Pin Yb" X Yb" Flat Pack 

L 

24-Pin y^ X 1 y 4 " Dual-ln-Line 

M 

12-Pin TO-101 Can or Header 

N 

(Note 1) 

P 

8 -Pin y^ X Yb” Dual-ln-Line 

Q 

40-Pin Y\b X 21 / 16 " Dual-ln-Line 

R 

20-Pin 1/4" X 1 i/ie" Dual-ln-Line 

S 

20-Pin 1/4" X 1/2" Flat Pack 

T 

(Note 1) 

U 

(Note 1) 

V 

18-Pin ya" X 15 / 16 " Dual-ln-Line 

w 

22-Pin ya" X 1 i/e" Dual-ln-Line 

X 

(Note 1) 

Y 

(Note 1) 

z 

(Note 1) 

2 

20-Terminal 0.350" x 0.350" Chip Carrier 

3 

28-Terminal 0.450" x 0.450" Chip Carrier 


Note 1: These letters are assigned to packages by individuals MIL-M-38510 
detail specifications and may be assigned to different packages In different 
specifications. 


DESC Specifications 

DESC specifications are issued to provide standardized ver- 
sions of devices which are not yet available as JAN product. 
MIL-STD-883 Class B screening is coupled with tightly con- 
trolled electrical specifications which have been written to 
allow a manufacturer to use his standard electrical tests. A 
current listing of National’s DESC specification offerings can 
be obtained from our franchised distributors, sales repre- 
sentatives, of DESC. DESC is located in Dayton, Ohio. 


general specification for non-JAN military product. Revision 
C of this document defines the minimum requirements for a 
device to be marked and advertised as 883-compliant. In- 
cluded are design and construction criteria, documentation 
controls, electrical and mechanical screening requirements, 
and quality control procedures. Details can be found in par- 
agraph 1.2.1 of MIL-STD-883. 

National offers both 883 Class B and 883 Class S product. 
The screening requirements for both classes of product are 
outlined in Table III. 

As with DESC specifications, a manufacturer is allowed to 
use his standard electrical tests provided that all critical pa- 
rameters are tested. Also, the electrical test parameters, 
test conditions, test limits, and test temperatures must be 
clearly documented. At National Semiconductor, this infor- 
mation is available via our RETS (Reliability Electrical Test 
Specification Program). The RETS document is a complete 
description of the electrical tests performed and is con- 
trolled by our QA department. Individual copies are available 
upon request. 

Some of National’s older products are not completely com- 
pliant with MIL-STD-883, but are still required for use in mili- 
tary systems. These devices are screened to the same 
stringent requirements as 883 product, but are marked 
“-MIL”. 

Military Screening Program (MSP) 

National’s Military Screening Program was developed to 
make screened versions of advanced products such as gate 
arrays and microprocessors available more quickly than is 
possible for JAN and 883 devices. Through this program, 
screened product is made available for prototypes and 
breadboards prior to or during the JAN or 883 qualification 
activities. MSP products receive the 100% screening of Ta- 
ble III, but are not subjected to Group C and D quality con- 
formance testing. Other criteria such as electrical testing 
and temperature range will vary depending upon individual 
device status and capability. 

Reliability Electrical Test 
Specifications (RETStm) 

National has implemented the first realtime, electronic cata- 
log of military test specifications called RETS. 

Included in this computerized directory is a detailed listing of 
the electrical tests performed on all military devices quali- 
fied by National, including forcing functions, test limits and 
temperature ranges. 

Call your local National sales office for essential up-to-the- 
minute information on device testing. 


MIL-STD-883 

Although originally intended to establish uniform test meth- 
ods and procedures, MIL-STD-883 has also become the 




Reliability Electrical Test Specifications (RETStm) (Continued) 

TABLE III. 100% Screening Requirements 


1 . Wafer Lot Acceptance 


2. Nondestructive Bond Pull (Note 14) 


3. Internal Visual (Note 1) 


4. Stabilization Bake (Note 16) 


5. Temperature Cycling (Note 2) 


6. Constant Acceleration 


7. Visual Inspection (Note 3) 


8. Particle Impact Noise Detection (PIN 


9. Serialization 


10. Interim (Pre-Burn-In) Electrical 
Parameters 


11. Burn-In Test 


12. Interim (Post Burn-In) Electrical 
Parameters 


13. Reverse Bias Burn-In (Note 7) 


14. Interim (Post Burn-In) Electrical 
Parameters 


15. PDA Calculation 


16. Final Electrical Test (Note 15) 

a) Static Tests 

1) 25°C (Subgroup 1, Table I, 5005) 

2) Max & Min Rated Operating 
Temp. 

(Subgroups 2, 3, Table I 5005) 

b) Dynamic Tests or Functional Tests 

1) 25°C (Subgroups 4 or 7) 

2) Max & Min Rated Operating 
Temp. 

(Subgroups 5 and 6 or 8, 

Table 1, 5005) 

c) Switching Tests 25°C 

(Subgroups 9 Table I, 5005) 


17. Seal Fine, Gross 


18. Radiographic (Note 10) 


1 9. Qualification or Quality Conformance 
Inspection Test Sample Selection 


20. External Visual (Note 1 2) 


Class S 

Method 

Reqmt 

5007 

All Lots 

2023 

100% 

2020, Condition A 

100% 

1008, Condition C, Min. 
24 hrs. Min. 

100% 

1010, Condition C 

100% 

2001, Condition E Min. 
Yi Orientation Only 

100% 


100% 

2010, Condition A (Note 4) 

100% 

(Note 5) 

100% 

Per Applicable Device 
Specification (Note 13) 

100% 

1015 

240 Hrs. @ 125°C Min. 
(Cond. F Not Allowed) 

100% 

Per Applicable Device 
Specification (Note 13) 

100% 

1 0 1 5; Test Condition A, C, 
72 Hrs. @ 150°CMin. 
(Cond. F Not Allowed) 

100% 

Per Applicable Device 
Specification (Note 13) 

100% 

5% Parametric (Note 14), 
3% Functional 

All Lots 

Per Applicable Device 
Specification 

100% 

100% 

100% 

100% 

100% 

1014 

100%, (Note 8) 

201 2 Two Views 

100% 

(Note 11) 

Samp. 

2009 

100% 



2010, Condition B 


1008, Condition C, Min., 
24 hrs. Min. 


1010, Condition C 


2001, Condition E, Min. 
Yi Orientation Only 



Per Applicable Device 
Specification (Note 6) 


1015 

160 Hrs. @ 125°CMin. 


Per Applicable Device 
Specification 






Per Applicable Device 
Specification 


5% Parametric (Note 1 4) 


100% 


100%, (Note 9) 
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Reliability Electrical Test Specifications (RETStm) (Continued) 

TABLE III. 100% Screening Requirements (Continued) 

Note 1: Unless otherwise specified, at the manufacturer’s option, test samples for Group B, bond strength (Method 5005) may be randomly selected prior to or 
following internal visual (Method 5004), prior to sealing provided all other specification requirements are satisfied (e.g., bond strength requirements shall apply to 
each inspection lot, bond failures shall be counted even if the bond would have failed internal visual). 

Note 2: For Class B devices, this test may be replaced with thermal shock method 1011, test condition A, minimum. 

Note 3: At the manufacturer’s option, visual inspection for catastrophic failures may be conducted after after each of the thermal/mechanical screens, after the 
sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages, or lids off. 

Note 4: The FIND test may be performed in any sequence after step 6 and prior to step 16. See MIL-M-38510, paragraph 4.6.3. 

Note 5: Class S devices shall be serialized prior to interim electrical parameter measurements. 

Note 6; When specified, all devices shall be tested for those parameters requiring delta calculations. 

Note 7: Reverse bias burn-in is a requirement only when specified in the applicable device specification. The order of performing burn-in and reverse bias burn-in 
may be inverted. 

Note 8: For Class S devices, the seal test may be performed in any sequence between step 1 6 and step 1 9, but it shall be performed after all shearing and forming 
operations on the terminals. 

Note 9: For Class B devices, the fine and gross seal tests shall be performed separately or together in any sequence and order between step 6 and step 20 except 
that they shall be performed after all shearing and forming operations on the terminals. When 100% seal screen cannot be performed after shearing and forming 
(e.g., flatpacks and chip carriers) the seal screen shall be done 1 00% prior to these operations and a sample test (LTPD= 5) shall be performed on each inspection 
lot following these operations. If the sample fails, 100% rescreening shall be required. 

Note 10: The radiographic screen may be performed in any sequence after step 9. 

Note 11: Samples shall be selected for testing in accordance with the specific device class and lot requirements of Method 5005. 

Note 12: External Visual shall be performed on the lot any time after step 19 and prior to shipment. 

Note 13: Read and record is required at steps 10 and 12 only for those parameters for which post-burn-in delta measurements are specified. All parameters shall 
be read and recorded at step 14. 

Note 14: The PDA shall apply to all subgroup 1 parameters at 25°C and all delta parameters. 

Note 15: Only one view is required for flat packages and leadless chip carriers with leads on all four sides. 

Note 16: May be performed at any time prior to step 10. 


TABLE IV. Group A Electrical Tests 


Subgroup (Notes 1, 2) 

LTPD 

Subgroup 1 
Static Tests at 25°C 

2 

Subgroup 2 

Static Tests at Maximum Rated Operating Temperature 

3 

Subgroup 3 

Static Tests at Minimum Rated Operating Temperature 

5 

Subgroup 4 
Dynamic Tests at 25'’C 

2 

Subgroup 5 

Dynamic Tests at Maximum Rated Operating Temperature 

3 

Subgroup 6 

Dynamic Tests at Minimum Rated Operating Temperature 

5 

Subgroup 7 

Functional Tests at 25°C 

2 

Subgroup 8 

Functional Tests at Maximum and Minimum Rated Operating Temperatures 

5 

Subgroup 9 

Switching Tests at 25°C 

2 

Subgroup 10 

Switching Tests at Maximum Rated Operating Temperature 

3 

Subgroup 1 1 

Switching Tests at Minimum Rated Operating Temperature 

5 


Note 1: The specific parameters to be included for tests in each subgroup shall be as specified in the applicable procure- 
ment document. Where no parameters have been identified in a particular subgroup or test within a subgroup, no Group A 
testing is required for that subgroup or test. 

Note 2: A single sample may be used for all subgroup testing. Where required size exceeds the lot size, 100% inspection 
shall be allowed. 

Note 3: Group A testing by subgroup or within subgroups may be performed in any sequence, unless othenivise specified. 




























Reliability Electrical Test Specifications (RETStm) (Continued) 



TABLE V. Group B (Class B) 


Test (Note 1) 

Method 

Condition 

LTPD 

Subgroup 1 

Physical Dimensions (Note 2) 

2016 


2 Devices 
(No Failures) 

Subgroup 2 

Resistance to Solvents 

2015 


4 Devices 
(No Failures) 

Subgroups 
Solderability (Note 3) 

2003 

or 

2002 

Soldering Temperature of 245 ± 5°C 

10 

Subgroup 4 

Internal Visual and Mechanical (Note 4) 

2014 

Failure Criteria from Design and Construction 
Requirements of Applicable Procurement Document 

1 Device 
(No Failures) 

Subgroup 5 

Bond Strength (Note 5) 

1) Thermocompression 

2) Ultrasonic of Wedge 

3) Flip-Chip 

4) Beam Lead 

2011 

1) Condition C or D 

2) Condition C or D 

3) Condition F 

4) Condition H 

15 

Subgroup 6 

Internal Water-Vapor Content (Note 6) 

1018 

1,000 ppm Maximum Water Content at 100°C 

3 Devices 
(0 Failures) 
(Note 7) or 
5 Devices 
(1 Failure) 

Subgroup 7 
Seal (Note 8) 

1) Fine 

2) Gross 

1014 

As Applicable 

5 

Subgroup 8 (Note 9) 

Electrical Parameters 
Electrostatic Discharge Sensitivity 
Electrical Parameters 

2015 

Group A, Subgroup 1 
Group A, Subgroup 1 

15(0) 

Note 1: Electrical reject devices from the same inspection lot may be used for all subgroups when end-point measurements are not required, except for devices 
submitted to subgroup 7. 

Note 2: Not required tor qualification or quality conformance inspections where Group D inspection is being performed on samples from the same inspection lot. 
Note 3: All devices submitted for solderability test shall be in the lead finish that will be on the shipped product and which has been through the temperature/time 
exposure of burn-in except for devices which have been hot-solder dipped or have undergone tin fusing after burn-in. The LTPD for solderability test applies to the 
number of leads Inspected except in no case shall less than 3 devices be used to provide the number of leads required. 

Note 4: Test samples for internal visual and mechanical shall be selected at any point following the seal operation. 

Note 5: Test samples for bond strength may, at the manufacturer's option, unless otherwise specified, be randomly selected prior to or following internal visual 
(precap) inspection provided all other specification requirements are satisfied. Unless otherwise specified, the LTPD sample size for condition C or D is the number 
of bond pulls selected from a minimum number of 10 devices, and for conditions F or H is the number of dice (not bonds) (see Method 2011). 

Note 6: This test is required only if the package contains a desiccant. 

Note 7: Test 3 devices, if 1 fails, test 2 additional devices with no failure. 

Note 8: This test is not required if either the 100% screen or sample test is performed between steps 14 and 18 and 100% screening of Table 3 of this section. 
Note 9: Unless otherwise specified, test shall be performed for initial qualification and product redesign as a minimum. 
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Reliability Electrical Test Specifications (RETStm) (continued) 



TABLE VI. Group B (Class S) 


Test (Note 1) 

Method 

Condition 

Quallty/(Accept No.) 
or LTPD 

Subgroup 1 




a) Physical Dimensions (Note 2) 



2(0) 

b) Internal Water-Vapor (Notes 2, 3) 

mmm 

5,000 ppm Maximum Water Content at 100°C 

3 (0) or 5 (1) (Note 4) 

Subgroup 2 (Note 5) 




a) Resistance to Solvents 

2015 


4(0) 

b) Internal Visual and Mechanical 

2013 & 

Failure Criteria from Design and Construction 

2(0) 


2014 

Requirements of Applicable Procurement 
Document 


c) Bond Strength (Note 6) 

2011 


LTPD = 10 

1) Thermocompression 


1) Condition C or D 


2) Ultrasonic 


2) Condition C or D 


3) Flip-Chip 


3) Condition F 


4) Beam Lead 


4) Condition H 


d) Die Shear Test 

2019 

Per Method 201 9 for the Applicable Die Size 

3(0) 

Subgroup 3 




Solderability (Note 7) 

2003 or 

Soldering Temperature or 245 ± 5°C 

LTPD = 15 


2022 



Subgroup 4 




Lead Integrity (Note 5) 

2004 

Condition Bs, Lead Fatigue 

2(0) 

Seal 

1014 

As Applicable 


1) Fine 

2) Gross 




Lid Torque (Note 3) 


As Applicable 


Subgroup 5 (Notes 8, 9) 




a) Electrical Parameters (Note 11) 


Group A, Subgroups 1, 2, 3: Read and Record 
Group A, Subgroups 4-1 1 : Attributes 

LTPD = 5 

b) Steady State Life 

1005 

Condition C, D or E: 1000 hours 


c) Electrical Parameters 


Groups A, Subgroups 1,2,3: Read and Record 
Group A, Subgroup 4-1 1 : Attributes 


Subgroup 6 (Note 5) 




a) Electrical Parameters (Note 11) 


Group A, Subgroups 1 , 2, 3: Read and Record 

LTPD = 5 

b) Temperature Cycling 

1010 

Condition C, 100 Cycles/min. 


c) Constant Acceleration 

2001 

Test Condition E: Yi Orientation Only 


d) Seal 

1014 



1) Fine 

2) Gross 




e) Electrical Parameters 


Group A, Subgroups 1,2,3: Read and Record 


Subgroup? (Note 12) 




a) Electrical Parameters 

b) Electrostatic Discharge 

3015 

Group A, Subgroup 1 

15(0) 

Sensitivity 

b) Electrical Parameters 


Group A, Subgroup 1 
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Reliability Electrical Test Specifications (RETStm) (Continued) 

TABLE VI. Group B (Class S) (Continued) 

Note 1: Electrical reject devices from the same inspection may be used lor all subgroups where electrical end-point measurements are not required. 

Note 2: Not required for qualification or quality conformance inspections where Group D inspection is being performed on sampies from the same inspection lot. 
Note 3: This test is required only if it is a glass-frit sealed package. 

Note 4; Test 3 devices; if 1 falls, test 2 additional devices with no failures. 

Note 5: All samples for subgroup B2 must have been through the complete sequence of subgroup B6 tests. 

Note 6: Unless otherwise specified, the LTPO sample size for conditions C and D is the number of bond pulls selected from a minimum of 4 devices and for 
conditions F and H is the number of dice (not bonds). 

Note 7: All devices must be In the same lead finish that will be on the shipped product and shall have been through the temperature/time exposure of burn-ln 
except for devices that have been hot-solder dipped or undergone tin fusing after burn-in. The LTPD applies to the number of leads Inspected, except in no case 
shall less than 3 devices be used to provide the number of leads required. 

Note 8: The alternate removal-of-blas provisions of Method 1005 shall not apply for test temperatures above 125°C. 

Note 9: The same temperature must be employed for operating life that was used for the 100% burn-in. 

Note 10: For leadless chip carriers, condition D will apply. 

Note 11: Read and record data Group A of quality conformance is acceptable. 

Note 12: Unless otherwise specified, test shall be performed for initial qualification and product redesign as a minimum. 


TABLE VII. Group C (Die-Related Tests for Class B and C Only) 


Test 

Method 

Condition 

LTPD 

Subgroup 1 




Steady State Life Test 

1005 

Test Condition to be Specified (1,000 hours at 125°C) 

5 

End-Point Electrical Parameters 


As Specified in the Applicable Device Specification 


Subgroup 2 




Temperature Cycling 

1010 

Condition C 

15 

Constant Acceleration 

2001 

Condition E min, Orientation Only (Note 1) 


Seal 

1014 

As Applicable 


a) Fine 




b) Gross 




Visual Examination 


Per Visual Criteria of Method 1 0 1 0 or 1 0 1 1 as 


End-Point Electrical Parameters 


Specified in the Applicable Device Specification 



Note 1: See paragraph 3 of Method 5005 for the procedure for large cavity package. 
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Reliability Electrical Test Specifications (RETStm) (Continued) 


TABLE VIII. Group D (Package-Related Tests for Classes) 


Test 

Method 

Condition 

LTPD 

Subgroup 1 (Note 1) 




a) Physical Dimensions 

2016 


15 

Subgroup 2 (Note 1 , 4) 




Lead Integrity 

2004 

Test Condition B2 (Lead Fatigue) (Note 10) 

15 

Seal 

1014 

As Applicable 


a) Fine 

b) Gross 




Subgroup 3 (Note 3) 




Thermal Shock 

1011 

Test Condition B Minimum, 15 Cycles Minimum 

15 

Temperature Cycling 

1010 

Test Condition C, 100 Cycles Minimum 


Moisture Resistance (Note 4) 

1004 



Seal 

1014 

As Applicable 


a) Fine 

b) Gross 




Visual Examination 


Per Visual Criteria of Method 1 004 or 1 01 0 


End-Point Electrical Parameter (Note 4) 


As Specified in the Applicable Device Specification 


Subgroup 4 (Note 3) 

mm 



Mechanical Shock 


Test Condition B Minimum 

15 

Vibration Variable Frequency 

WSM 

Test Condition A Minimum 


Constant Acceleration 

2001 

Test Condition E Minimum 
Yi Orientation Only (Note 6) 


Seal 

1014 

As Applicable 


a) Fine 

b) Gross 




Visual Examination 


Per Visual Criteria of Method 1010 or 101 1 


End-Point Electrical Parameters 


As Specified in the Applicable Device Specification 


Subgroups (Note 1) 

mm 



Salt Atmosphere 


Test Condition A Minimum 

15 

Seal 


As Applicable 


a) Fine 

b) Gross 

■I 



Visual Examination 

■■ 

Per Visual Criteria of Method 1 009 


Subgroups (Note 1) 




Internal Water-Vapor Content 

1018 

5,000 ppm Maximum Water Content at 1 00°C 

3 Devices 
(0 Failures) 
or 

5 Devices 




(1 Failure)(Note 5) 

Subgroup 7 (Note 1) 




Adhesion of Lead Finish (Notes 7, 8) 

2025 


15 

Subgroups (Note 1) 




Lid Torque (Note 2) 

2024 


5(0) 


Note 1: Electrical reject devices from that same inspection lot may be used for samples. 

Note 2: Lid torque test shall apply only to packages which use a glass-frit seal to lead frame, lead or package body (I.e., wherever frit seal establishes hermeticity or 
package integrity). 

Note 3: Devices used in subgroup 3, “Thermal and Moisture Resistance" may be used in Subgroup 4 “Mechanical”. 

Note 4: At the manufacturer's option, end-point electrical parameters may be performed after moisture resistance and prior to seal test. 

Note 5: Test 3 devices; if 1 fails, test 2 additional devices with no failures. 

Note 6: See paragraph 3 of Method 5005 for the procedure for large cavity packages. 

Note 7: Does not apply to leadless chip carriers. 

Note 8: The LTPD applies to the number of leads to be tested. 

Note 9: The lead bend stress Initial conditioning is not required for leadless chip carriers. 

Note 10: For leadless chip carriers only, condition D shall apply. 
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Reliability Electrical Test Specifications (RETStm) (Continued) 


TABLE IX. Group E (Radiation Hardness Assurance Tests) 


Test (Hotel) 

Method 

Condition 

Quantity (Accept Number = 0) 

Class S 

Class B 




Subgroup 1 (Note 3) 





Neutron Irradiation 

1017 

25-C 



a) Qualification 



1 1 per Wafer Lot 

5 from each of 





3 Wafer Lots 

b) Quality Conformance 
End-Point Electrical Parameters 


Per Applicable Detail Specification 

1 1 per Wafer Lot 

1 1 per Wafer Lot 

Subgroup 2 





Steady-state Total Dose 
Irradiation 

1019 

25°C, Maximum Supply Voltage 



a) Qualification 



(Note 2) 

5 from each of 





3 Wafer Lots 

b) Quality Conformance 
End-Point Electrical Parameters 


Per Applicable Detail Specification 

(Note 2) 

1 1 per Wafer Lot 


Note 1: Parts used for one subgroup test may not be used for the other subgroup but may be used for higher levels in the same subgroup. Total exposure shall not 
be considered cumulative unless testing is performed within the time limits of the test method. 

Note 2: 4 per wafer for devices type S less than or equal to 4000 equivalent transistors per chip, 2 per wafer for larger dice. Samples will be selected at radius 
approximately equal to two-thirds of the wafer radius and spaced uniformly around this radius. 

Note 3: Subgroup 1 Is not required for MOS devices. 
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Reliability Electrical Test Specifications (RETStm) (continued) 

TABLE X. Wafer Lot Acceptance Tests 

Test 

Conditions 
(Note 1) 

Limits 
(Note 2) 

Sampling Plan 

1. Wafer Thickness (not 
required when the finished 
wafer design thickness is 
greater than 10 mils) 

MIL-STD-977. Method 1580. 
Measurement shall be 
performed after final lap or 
polish. All readings shall be 
recorded. 

Maximum deviation of ± 2 mil 
for approved design nominai 6 
mil minimum. 

Two wafers per lot. Reject lot if 
any measurement exceeds 
iimits or revert to test of each 
wafer. 

2. Metallization thickness 

MIL-STD-977 Method 5500. All 
readings shall be recorded. 

a) Conductor: 8 kA minimum for 
single level metal and for the 
top level of multi-level metal: 

6 kA minimum for lower levels, 
with a maximum deviation of ± 
20% from the approved design 
nominal. 

b) Barrier: Maximum deviation 
of ± 30% from the approved 
design nominal. 

One wafer (or monitor) per lot. 
Reject lot if measurement 
exceeds limits or revert to test 
of each wafer. 

3. Thermal stability (applicable 
to: all linear; all MOS; all bipolar 
digital operating at 10V or 
more) 

MIL-STD-977, Method 2500. 
Record VpB or Vj. (Note 3) 

a) AVpB or AVj ^ 0.75V for 
bipolar digital devices operating 
at ^ 10V and all bipolar linear 
devices not containing MOS 
transistors. The monitor shall 
have an oxide and shall be 
metallized with the lot. 

b) AVpB or AVx ^ 1 .OV for 
bipolar linear devices that 
operate above 5V and contain 
MOS transistors and digital 
devices that operate above 10V 
and contain MOS structures. 

c) AVpB or AVt ^ 0.4V for 
MOS devices. 

One wafer (or monitor) per lot. 
Reject lot if measurement 
exceeds limits or revert to test 
of each wafer. 

Separate monitors may be used 
but must be oxidized and 
metailized with the lot. 

A monitor consisting of a gate 
oxide metallized with the lot 
shall be used. 

4. SEM (Note 4) 

MIL-STD-883, Method 2018. 

MiL-STD-883, Method 2018. 

MIL-STD-883, Method 2018. 
Lot acceptance basis. 

5. Glassivation Thickness 

MIL-STD-977, Method 5500. All 
readings shali be recorded. 

6 kA minimum for Si 02 and 
2 kA minimum Si 3 N 4 with 
maximum deviation of ±20% 
from approved design nominal. 

One wafer (or monitor) per lot. 
Reject lot if any measurement 
exceeds limits or revert to test 
of each wafer. 

6. Gold backing thickness 
(when applicable) 

MiL-STD-977, Method 5500. All 
readings shali be recorded. 

Per approved design nominal 
thickness and tolerance. 

One wafer (or monitor) per lot. 
Reject lot if any measurement 
exceeds limits or revert to test 
of each wafer. 

Note 1: Approved equivalent test methods may be used in lieu of the reference MIL-STD-977 methods. 

Note 2: Approved design nominal values or tolerances shall be submitted for line certification per DESC-EQM-42. 

Note 3: All reading shall be normalized to oxide thickness of tOOOA. 

Note 4: When wafer lots fail to pass the SEM requirements of Method 2018, compliance with the current density requirement shall not be used to waiver the SEM 
requirement. 
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National’s A + Program 


A+ Program: A comprehensive program that utilizes Na- 
tional’s experience gained from participation in the many 
Military/Aerospace programs. 

A program that not only assures high quality but also in- 
creases the reliability of molded integrated circuits. 

The A -I- program is intended for users who need better than 
usual incoming quality and higher reliability levels for their 
standard integrated circuits. 

Users who specify A -I- processed parts will find that the 
program: 

• Eliminates incoming electrical inspection. 

• Eliminates the need for, and thus the added cost of, inde- 
pendent testing laboratories. 

• Reduces the cost of reworking assembled boards. 

• Reduces field failures. 

• Reduces equipment down time. 

• Reduces the need for excess inventories due to yield loss 
incurred as a result of processing performed at indepen- 
dent testing laboratories. 

The A+ Program Saves You Money 
It is a widely accepted fact that down-time of equipment is 
costly not only in lost hours of machine usage but also cost- 
ly in the repair and maintenance cycle. One of the added 
advantages of the A -I- program is the burn-in screen, which 
is one of the most effective screening procedures in the 
semiconductor industry. Failure rates as a result of the burn- 
in can be decreased many times. The objective of burn-in is 
to stress the device much higher than it would be stressed 
during normal usage. 

Reliability vs. Quality 

The words “reliability” and “quality” are often used inter- 
changeably, as though they connoted identical facets of a 
product’s merit. But reliability and quality are different, and 
1C users must understand the essential difference between 
the two concepts in order to evaluate properly the various 
vendors’ programs for products improvement that are gen- 
erally available, and National’s A -I- program in particular. 
The concept of quality gives us information about the popu- 
lation and faulty 1C devices among good devices, and gen- 
erally relates to the number of faulty devices that arrive at a 
user’s plant. But looked at in another way, quality can in- 
stead relate to the number of faulty ICs that escape detec- 
tion at the 1C vendor’s plant. 

It is the function of a vendor’s Quality Control arm to monitor 
the degree of success of that vendor in reducing the num- 
ber of faulty ICs that escape detection. Quality Control does 
this by testing the outgoing parts on a sampled basis. The 
Acceptable Quality level (AQL) in turn determines the strin- 
gency of the sampling. As the AQL decreases it becomes 
more difficult for defective parts to escape detection, thus 
the quality of the shipped parts increases. 


The concept of reliability, on the other hand, refers to how 
well a part that is initially good will withstand its environ- 
ment. Reliability is measured by the percentage of parts that 
fail in a given period of time. 

Thus the difference between quality and reliability means 
the ICs of high quality may, in fact be of low reliability, while 
those of low quality may be of high reliability. 

Improving the Reliability of Shipped Parts 
The most important factor that affects a part’s reliability is 
its construction; the materials used and the method by 
which they are assembled. 

Reliability cannot be tested into a part. Still, there are tests 
and procedures that an 1C vendor can implement which will 
subject the 1C to stresses in excess of those that it will en- 
dure in actual use, and which will eliminate marginal, short- 
life parts. 

In any test of reliability the weaker parts will normally fail 
first. Further, stress tests will accelerate, or shorten, the 
time of failure of the weak parts. Because the stress tests 
cause weak parts to fail prior to shipment to the user, the 
population of shipped parts will in fact demonstrate a higher 
reliability in use. 


National’s A-l- Program 


National provides the A+ program as the best practical ap- 
proach to maximum quality and reliability on molded devic- 
es. The following flow chart shows how we do it step by 
step. 



SEM 

Randomly selected wafers are taken from produc- 
tion regularly and subjected to SEM analysis. 



Epoxy B Processing for All Molded Parts 

At National, all molded semiconductors, including 
ICs, have been built by this process for some time 
now. All processing steps, inspections, and QC 
monitoring are designed to provide highly reliable 
products. (A reliability report is available that 
gives, in detail, the background of Epoxy B, the 
reason for its selection at National, and reliability 
data that proves its success.) 



Six Hour, 150°C Bake 

This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, 
and helps eliminate marginal bonds and electrical 
connections. 
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National’s A + Program (Continued) 


Five Temperature Cycles (0°C to 100°C) 
Exercising each device over a 100°C temperature 
range provides an additional die and package 
stress. 


High Temperature (100°C) 

Functional Electrical Test 

A high temperature test with voltages applied 
places the die under the most severe stress possi- 
ble. The test is actually performed at 100°C — 15°C 
higher than the commercial ambient limit. All de- 
vices are thoroughly exercised at the 100°C ambi- 
ent. 


Electrical Testing 

Every device is tested at 25°C for functional and 
DC parameters. 


Burn-In Test 

Each device is burned-in for 160 hours at a mini- 
mum junction temperature of -M25°C or under 
equivalent conditions of time and temperature, as 
established by a time-temperature regression 
curve based on 0.96 eV activation energy (i.e., 23 
hours at +155°C). All burn-in done under steady- 
state conditions unless otherwise specified. 


DC Functional and Parametric Tests 

These room-temperature functional and paramet- 
ric tests are the normal, final tests through which 
all National products pass. 

Thermal Shock Monitor 
J Samples from each package 
type are selected at random 
each week and submitted to 
cycles of liquid to liquid ther- 
mal shock -65°C to -M50°C. In addition, sam- 
ples are selected every four weeks and subjected 
to 2000 temperature cycles of 0°C to -f- 25°C. 


Tighter-Than-Normal QC Inspection Plans 

Most vendors sample inspect outgoing parts to a 
0.3% AQL. When you specify the A-f program, 
we sample your parts to a 0.035% AQL at room 
temperature and 0.05% AQL at Ta Max. This eight 
times tightening (from 0.3 to 0.035% AQL) cou- 
pled with three 100% electrical tests, dramatically 
reduces the number of “escapes” and allows us 
to guarantee the AQLs listed below. 


□ Ship Parts 

Here are the QC sample plans used in our A+ test pro- 
gram: 


Test 

Temperature 

AQL 

Electrical Functionality 

25°C| 

0.035% 

Parametric, DC 

25°C J 

Parametric, AC 

25°C 

0.1% 

Electrical Functionality 
Parametric, DC 
Mechanical 

At each temperature] 
extreme. J 

0.05% 

Critical 

— 

0.01% 

Major 

— 

0.28% 
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Technical Terms and Definitions 


Technical Terms and Definitions 


CURRENT 

High-Level Input Current, I|h 

The current into* an input when a high-level voltage is ap- 
plied to that input. 

Input Current at Maximum Input Voltage, l| 

The current into* an input when maximum specified input 
voltage Is applied. 

Low-Level Input Current, I|l 

The current into* an input when a low-level voltage is ap- 
plied to that input. 

Low-Level Input Current HiZ, I|lz 
The current into* an input when a low-level voltage is ap- 
plied to the input with the device in the TRI-STATE condi- 
tion. 

High-Level Output Current, Iqh 

The current into* an output with input conditions applied 
that, according to the product specification, will establish a 
logic high level at the output. 

Low-Level Output Current, Iql 

The current into* an output with input conditions applied 
that, according to the product specification, will establish a 
logic low level at the output. 

Off-State Output Current, Iq (Icex) 

The current flowing into* an output with input conditions 
applied that, according to the product specification, will 
cause the output switching element to be in the off state. 

NOTE: This parameter is usually specified for open-collector outputs intend- 
ed to drive devices other than logic circuits at a specified voltage 
usually greater then the Vcc supply. 

Output Current of a TRI-STATE Device, Iqz 

The current into* a TRI-STATE output having input condi- 
tions applied that, according to the product specification, 
will establish the high-impedance state at the output. 
Short-Circuit Output Current, Iqs 
The current into* an output when that output is short-circuit- 
ed to ground or any other specified potential, with input con- 
ditions applied to establish the output logic level farthest 
from ground potential or any other specified potential. 
Supply Current, Icch 

The current into* the Vcc supply terminal of an integrated 
circuit when the outputs are in a logic high state. 

Supply Current, Iccl 

The current into* the Vcc supply terminal of an integrated 
circuit when the outputs are in a logic low state. 

VOLTAGE 

High-Level Input Voltage, V|h 

An input voltage within the more positive (less negative) of 
the two ranges of values used to represent the binary vari- 
ables. 

NOTE: A minimum is specified that is the ieast positive value of high-level 
input voltage for which operation of the logic element within specifi- 
cation limits is guaranteed. 

•Current out of a terminal is given as a negative value. 


Low-Level Input Voltage, V|l 

An input voltage level within the less positive (more nega- 
tive) of the two ranges of values used to represent the bina- 
ry variables. 

NOTE: A maximum is specified that is the most positive value of low-level 
input voltage for which operation of the logic element within specifi- 
cation limits is guaranteed. 

Positive-Going Threshold Voltage, Vjh 

The voltage level at a transition-operated input that, causes 

operation of the logic element according to specification, as 

the input voltage rises from a level below the negative-going 

threshold voltage, Vjl- 

Negative-Going Threshold Voltage, Vjl 

The voltage level at a transition-operated input that, causes 

operation of the logic element according to specification, as 

the input voltage falls from a level above the positive-going 

threshold voltage, Vjh- 

Hysteresis, Vhys 

The absolute difference in voltage value between the posi- 
tive going threshold and negative going threshold. 

Input Clamp Voltage, V|k 

An input voltage in a region of relatively low differential re- 
sistance that serves to limit the input voltage swing. 
High-Level Output Voltage, Vqh 
The voltage at an output terminal with input conditions ap- 
plied that, according to the product specification, will estab- 
lish a logic high level at the output. 

Low-Level Output Voltage, Vql 

The voltage at an output terminal with input conditions ap- 
plied that, according to the product specification, will estab- 
lish a logic low level at the output. 

Off-State Output Voltage, Vo(off) 

The voltage at an output terminal with input conditions ap- 
plied that, according to the product specification, will cause 
the output switching element to be in the off state. 

NOTE: This characteristic is usually specified only for the outputs not having 
internal pull-up elements. 

On-State Output Voltage, Vo(on) 

The voltage at an output terminal with input conditions ap- 
plied that, according to the product specification, will cause 
the output switching element to be in the on-state. 

Output Clamp Voltage, Vqk 

An output voltage in a region of low differential resistance 
that serves to limit the voltage swing. 

PROPAGATION TIME 
Propagation Delay Time, tpo 

The time between the specified reference points on the in- 
put and output voltage waveforms with the output changing 
from one logic level (high or low) to the other logic level. 


10-4 



Technical Terms and Definitions (Continued) 


Propagation Delay Time, Low-to-High-Level Output, 
tpLH 

The time between the specified reference points on the in- 
put and output voltage waveforms with the output changing 
from the logic low level to the logic high level. 

Propagation Delay Time, HIgh-to-Low-Level Output, 
tpHL 

The time between the specified reference points on the in- 
put and output voltage waveforms with the output changing 
from the logic high level to the logic low level. 

Transition Time LOW to HIGH, tiLH 
The time between two specified reference points on a 
waveform, normally specified between the 10% and 90% 
points, that is changing from LOW to HIGH. 

Transition Time HIGH to LOW, tjHL 
The time between two specified reference points on a 
waveform, normally specified between the 90% and 10% 
points, that is changing from HIGH to LOW. 

TRI-STATE DELAYS 
Output Enable Time, tpzL 

The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
TRI-STATE output changing from a high-impedance (off) 
state to the logic low level. 

Output Enable Time, tpzH 

The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
TRI-STATE output changing from a hIgh-Impedance (off) 
state to the logic high level. 

Output Disable Time, tpijr 

The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
TRI-STATE output changing from the logic low level to a 
high-impedance (off) state. 

Output Disable Time, tpHz 

The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
TRI-STATE output changing from the logic high level to a 
high-impedance (off) state. 

CLOCK FREQUENCY 
Maximum Clock Frequency, Imax 

The highest rate at which the clock input of a bistable circuit 
can be driven through its required sequence while maintain- 
ing stable transitions of logic level at the output with input 
conditions established that should cause changes of output 
logic level in accordance with the specification. 

PULSE WIDTH 
Pulse Width, tw 

The time interval between specified reference points on the 
leading and trailing edges of the pulse waveform. 


SETUP AND HOLD TIME 
Setup Time, tsu 

The time interval between the application of a signal that is 
maintained at a specified input terminal prior to a consecu- 
tive active transition at another specified input terminal. 

Note 1: The setup time is defined as the time between two events and may 
be insufficient to accomplish the setup. A minimum value is speci- 
fied that is the shortest intervai for which proper operation of the 
logic element is guaranteed. 

Note 2: The setup time may have a negative vaiue in which case the mini- 
mum limit defines the longest interval of time between the active 
transition and the appiication of the other signal for which proper 
operation of the logic element is guaranteed. 

Hold Time, 

The interval during which a signal is maintained at a speci- 
fied input terminal after an active transition occurs at anoth- 
er specified input terminal. 

Note 1: The hold time is defined as the time between two events and may 
be insufficient to accomplish the intended resuit. A minimum value Is 
specified that is the shortest interval of time for which proper opera- 
tion of the logic element is guaranteed. 

Note 2: The hold time may have a negative value In which case the mini- 
mum limit defines the longest interval of time between the release of 
data and the active transition on the specified input for which proper 
operation of the logic element is guaranteed. 

TRUTH TABLE EXPLANATIONS 

Symbols generally associated with Functional Truth Tables. 
H = Logic high level (steady-state) 

L = Logic low level (steady-state) 

= Transition from a logic low to high level 
= Transition from a logic high to low level 
X = Irrelevant (any Input, Including transitions) 

Z = off state (high-impedance) of a TRI-STATE 
output 

a..h = the level of steady-state Inputs at inputs A 
through H respectively 

Qo = level of Q before the indicated steady-state 
input conditions were established 
Qq = complement of Qq or level of Q before the 
indicated steady-state input conditions were 
established 

Qn = level of Q before the most recent active tran- 
sition indicated by or 

NOTE: If, in the input columns, a row contains only the symbols H, L, and/or 
X, this means the indicated output is valid whenever the input config- 
uration is achieved and regardless of the event sequence. The out- 
put logic state persists so long as the input configuration is main- 
tained. 

If, in the input columns, a row contains (H, L, and/or X) together with 
and/or this means the output is valid whenever the input 
configuration is achieved. However, the transition(s) must occur fol- 
lowing the application of the steady-state levels. If the output is 
shown as a level (H, L, Qq or Qq), it will be maintained so long as the 
steady-state input levels and the levels that terminate the defined 
transitions are maintained. Unless otherwise specified, input tran- 
sitions in the opposite direction to those shown have no effect on the 
steady state output. 
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AMD to National’s Interface 


Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

AMD 

AM26LS30DC 

DS3691J 


AM26LS30PC 

DS3691N 


AM26LS31DC 

DS26LS31CN 


AM26LS31PC 

DS26LS31CN 


AM26LS32DC 

DS26LS32ACJ 

DS26LS32CJ 

AM26LS32PC 

DS26LS32ACN 

DS26LS32CN 

AM26LS33DC 

DS26LS33ACJ 

DS26LS33CJ 

AM26LS33PC 

DS26LS33ACN 

DS26LS33CN 

AM26S10DC 

DS26S10J 


AM26S10PC 

DS26S10N 


AM26S11DC 

DS26S11J 


AM26S11PC 

DS26S11N 


AM26S12DC 


DS8838J 

AM26S12PC 


DS8838N 

AM2965DC 


DP84240J 

AM2965PC 


DP84240N 

AM2966DC 


DP84244J 

AM2966PC 


DP84244N 

N8T26AB 

DS8T26AN 


N8T26AF 

DS8T26AJ 


N8T28F 

DS8T28J 


N8T28N 

DS8T28N 


D8212 

DP8212J 


P8212 

DP8212N 


D8216 

DP8216J 


P8216 

DP8216N 


D8224 

DP8224J 


AM8224PC 

DP8224N 


D8226 

DP8226J 


P8226 

DP8226N 


AM8228PC 

DP8228N 


D8228 

DP8228J 


AM8238PC 

DP8238N 


D8238 

DP8238J 


DP8303J 

DP8303AJ 


DP8303N 

DP8303AN 


DP8304BJ 

DP8304BJ 


DP8304BN 

DP8304BN 


DP8307J 

DP8307AJ 


DP8307N 

DP8307AN 


DP8308J 

DP8308J 


DP8308N 

DP8308N 


DS8838J 

DS8838J 


DS8838N 

DS8838N 


The manufacturer's most current data sheets 


take precedence over this guide. 
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Intel to National’s Interface 


Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

INTEL 

D3245 

DS3245J 


D8212 

DP8212J 


P8212 

DP8212J 


D8216 

DP8216J 


P8216 

DP8216N 


D8224 

DP8224J 


D8224 

DP8224N 


D8226 

DP8226J 


P8226 

DP8226N 


D8228 

DP8228J 


D8228 

DP8228N 


D8238 

DP8238J 


P8238 

DP8238N 


D8286 

DP8304BJ 


P8286 

DP8304BN 


D8287 

DP8303AJ 


P8287 

DP8303AN 


The manufacturer’s most current data sheets 


take precedence over this guide. 
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Motorola to National’s Interface 


Device 

Designation 

Nationai’s 

Direct 

Repiacement 

Nationai’s 

Ciosest 

Repiacement 

MOTOROLA (Continued) 

MC3486L 

DS3486J 


MC3486P 

DS3486N 


MC3487L 

DS3487J 


MC3487P 

DS3487N 


MC3488AP 


DS9636AN 

MC3488AP 


jiiA9636AT 

MC3491P 


DS8889N 

MC6880AL 

DS8T26AJ 


MC6880AP 

DS8T26AN 


MC6889L 

DS8T28J 


MC6889P 

DS8T28N 


MC75107L 

DS75107J 


MC75107P 

DS75107N 


MC75108L 

DS75108J 


MC75108P 

DS75108N 


MC75125L 

DS75125J 


MC75125P 

DS75125N 


MC75127L 

DS75127J 


MC75127P 

DS75127N 


MC75128L 

DS75128J 


MC75128P 

DS75128N 


MC75129L 

DS75129J 


MC75129P 

DS75129N 


MC75325L 

DS75325J 


MC75491P 

DS75491N 


MC75492P 

DS75492N 


MC8T13L 

DS75121J 


MC8T13P 

DS75121N 


MC8T23L 

DS75123J 


MC8T23P 

DS75123N 


MC8T24L 

DS75124J 


MC8T24P 

DS75124N 


MC8T26AL 

DS8T26AJ 

DS8834J 

MC8T26AP 

DS8T26AN 

DS8834N 

MC8T28L 

DS8T28J 


MC8T28P 

DS8T28N 


DS8641N 

DS8641 N 


DS8641J 

DS8641N 


The manufacturer’s most current data sheets 
take precedence over this guide. 



Device 

Designation 

Nationai’s 

Direct 

Repiacement 

Nationai’s 

Ciosest 

Repiacement 

MOTOROLA 

MCI 201 5P 

DS8615N 


MC12016P 

DS8616N 


MCI 201 7P 

DS8617N 


MCI 2071 P 

DS8621N 


MCI 41 IP 


DS2001N 

MCI 41 IP 


jLtA9665PC 

MC1412P 


DS2002N 

MC1412P 


P.A9666PC 

MC1413P 


DS2003N 

MC1413P 


/XA9667PC 

MC1416P 


DS2004N 

MC1416P 


|j,A9668PC 

MC1472P1 


DS3632N 

MC1472U 


DS3632J-8 

MC1488L 

DS1488J 


MC1488P 

DS1488N 


MC1489AL 

DS1489AJ 


MC1489AP 

DS1489AN 


MC1489L 

DS1489J 


MC1489P 

DS1489N 


AM26LS31DC 

DS26LS31CJ 


AM26LS31PC 

DS26LS31CN 


MC26S10L 

DS26S10J 


MC26S10P 

DS26S10N 


MC3430L 

DS3651J 


MC3430P 

DS3651N 


MC3431L 


DS3651J 

MC3431P 


DS3651N 

MC3432L 

DS3653J 


MC3432P 

DS3653N 


MC3433L 


DS3653J 

MC3433P 


DS3653N 

MC3437L 

DS8837J 


MC3437P 

DS8837N 


MC3438L 

DS8838J 


MC3438P 

DS8838N 


MC3450L 


DS3650J 

MC3450P 


DS3650N 

MC3452P 

DS3652N 


The manufacturer’s most current data sheets 


take precedence over this guide. 
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Signetics to National’s Interface 









Interface Cross Reference Guide 


Sprague to National’s Interface 


Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

SPRAGUE 

UDN3611H 


DS3631J-8 

UDN3611M 


DS3631N 

UDN3612H 


DS3632J-8 

UDN3612M 


DS3632N 

UDN3613H 


DS3633J-8 

UDN3613M 


DS3633N 

UDN3614M 


DS3634N 

ULN2001 


DS2001 

ULN2001 


JU.A9665 

ULN2002 


DS2002 

ULN2002 


JJ.A9666 

ULN2003 


DS2003 

ULN2003 


jj,A9667 

ULN2004 


DS2004 

ULN2004 


|liA9668 

The manufacturer’s most current data sheets 

take precedence over this guide. 
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Texas Instruments to National’s Interface 


Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

TEXAS INSTRUMENTS 

MC1488J 

DS1488J 


MC1488N 

DS1488N 


MC1489AJ 

DS1489AJ 


MC1489AN 

DS1489AN 


MC1489J 

DS1489J 


MC1489N 

DS1489N 


AM26LS31CJ 

DS26LS31CJ 


AM26LS31CN 

DS26LS31CN 


AM26LS32ACJ 

DS26LS32ACJ 

DS26LS32CJ 

AM26LS32ACN 

DS26LS32ACN 

DS26LS32CN 

AM26LS33AJ 

DS26LS33ACJ 

DS26LS33CJ 

AM26LS33AN 

DS26LS33ACN 

DS26LS33CN 

AM26S10CJ 

DS26S10J 


AM26S10CN 

DS26S10N 


AM26S11CJ 

DS26S11J 


AM26S11CN 

DS26S11N 


MC3486J 

DS3486J 


MC3486N 

DS3486N 


MC3487J 

DS3487J 


MC3487N 

DS3487N 


SN74LS424J 

DS8224J 


SN74LS424N 

DS8224N 


SN74S412J 

DP8212J 


SN74S412N 

DP8212N 


SN74S428N 

DP8228N 


SN74S436N 

DP36149N 


SN74S437N 

DP36179N 


SN74S438N 

DP8238N 


SN75107AJ 


DS75107J 

SN75107AN 


DS75107N 

SN75107BJ 

DS75107J 


SN75107BN 

DS75107N 


SN75108AJ 


DS75108J 

SN75108AN 


DS75108N 

SN75108BJ 

DS75108J 


SN75108BN 

DS75108N 


SN75110AD 


DS75110AJ 

SN75110AD 


HA75110ADC 

SN75110AN 


DS75110AN 

SN75110AN 


JXA75110APC 

SN75113J 

DS75113J 


SN75113N 

DS75113N 


SN75114J 

DS75114J 


SN75114N 

DS75114N 


SN75115J 

DS75115J 


SN75115N 

DS75115N 


SN75121J 

DS75121J 


SN75121N 

DS75121N 


SN75123J 

DS75123J 


The manufacturer’s most current data sheets 


take precedence over this guide. 



Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

TEXAS INSTRUMENTS (Continued) 

SN75123N 

DS75123N 


SN75124J 

DS75124J 


SN75124N 

DS75124N 


SN75125J 

DS75125J 


SN75125N 

DS75125N 


SN75127J 

DS75127J 


SN75127N 

DS75127N 


SN75128J 

DS75128J 


SN75128N 

DS75128N 


SN75129J 

DS75129J 


SN75129N 

DS75129N 


SN75150J 

DS75150J-8 


SN75150N 

DS75150N 


SN75154J 

DS75154J 


SN75154N 

DS75154N 


SN75160N 

DS75160AN 


SN75160AN 

DS75160AN 


SN75161N 

DS75161AN 


SN75161AN 

DS75161AN 


SN75162N 

DS75162AN 


SN75162AN 

DS75162AN 


SN75172 

DS96172 


SN75172 

jitA96172 


SN75173 

DS96173 


SN75173 

)xA96173 


SN75174 

DS96174 


SN75174 

iitA96174 


SN75175 

DS96175 


SN75175 

jaA96175 


SN75176A 

DS75176A 


SN75176A 

DS96176 


SN75176A 

jitA96176 


SN75176A 

DS3695 


SN75176A 


DS36F95 

SN75177 

DS96177 


SN75177 

P.A96177 


SN75177 


DS96F177 

SN75ALS056N 

DS3696N 


SN75182J 

DS8820AJ 


SN75182N 

DS8820AN 


SN75183J 

DS8830J 


SN75183N 

DS8830N 


SN75188J 

DS1488J 


SN75188N 

DS1488N 


SN75189AJ 

DS1489AJ 


SN75189AN 

DS1489AN 


SN75189J 

DS1489J 


SN75189N 

DS1489N 


SN75208BJ 

DS75208J 


SN75208J 


DS75208J 

SN75208N 


DS75208N 

The manufacturer’s most current data sheets 


take precedence over this guide. 
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Texas Instruments to National’s Interface (Continued) 


Device 

Designation 

Nationai's 

Direct 

Repiacement 

Nationai’s 

Closest 

Replacement 

TEXAS INSTRUMENTS (Continued) 

SN75322 


DS9643 

SN75322 


/LIA9643 

SN75325J 

DS75325J 


SN75325N 

DS75325N 


SN75361AJG 

DS75361J-8 


SN75361AP 

DS75361N 


SN75363 


DS9643 

SN75363 


JU.A9643 

SN75365J 

DS75365J 


SN75365N 

DS75365N 


SN75369J 


DS0026CJ-8 

SN75369N 


DS0026CN 

SN75435 


DS3668 

SN75436 


DS3658 

SN75437A 


DS3658 

SN75438 


DS3658 

SN75440 

DS3669 


SN75437ANE 

DS3658N 


SN75437NE 

DS3658N 


SN75438NE 

DS3658N 


SN75450BJ 

DS75450J 


SN75450BN 

DS75450N 


SN75451BJG 

DS75451J-8 


SN75451BP 

DS75451N 


SN75452BJG 

DS75452J-8 


SN75452BP 

DS75452N 


SN75453BJG 

DS75453J-8 


SN75453BP 

DS75453N 


SN75454BJG 

DS75454J-8 


SN75454BP 

DS75454N 


SN75461JG 

DS75461J-8 


SN75461P 

DS75461N 


SN75462JG 

DS75462J-8 


SN75462P 

DS75462N 


SN75463JG 

DS75463J-8 


SN75463P 

DS75463N 


SN75464JG 

DS75464J-8 


SN75464P 

DS75464N 


SN75471JG 


DS3631J-8 

SN75471P 


DS3631N 

The manufacturer’s most current data sheets 


take precedence over this guide. 



Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

TEXAS INSTRUMENTS (Continued) 

SN75472JG 


DS3632J-8 

SN75472P 


DS3632N 

SN75473JG 


DS3633J-8 

SN75473P 


DS3633N 

SN75474P 


DS3634N 

SN75477JG 


DS3632J-8 

SN75477P 


DS3632N 

SN75480N 

DS8880N 


SN75491AN 


DS75491N 

SN75491N 

DS75491N 


SN75492AN 


DS75492N 

SN75492J 

DS75492J 


SN75492N 

DS75492N 


SN75494N 


DS75494N 

N8T13J 

DS75121J 


N8T13N 

DS75121N 


N8T23J 

DS75123J 


N8T23N 

DS75123N 


N8T24J 

DS75124J 


N8T24N 

DS75124N 


N8T26AJ 

DS8T26AJ 


N8T26AN 

DS8T26AN 


DS3680 

DS3680 


DS8820AJ 

DS8820AJ 


DS8820AN 

DS8820AN 


DS8830J 

DS8830J 


DS8830N 

DS8830N 


DS8831J 

DS8831J 


DS8831N 

DS8831N 


DS8832J 

DS8832J 


DS8832N 

DS8832N 


jaA9636A 

DS9636A 


p,A9636A 

jaA9636A 


jaA9637A 

DS9637A 


jliA9637A 

/HA9637A 


p,A9638 

DS9638 


^A9638 

ju.A9638 


jaA9639 

DS9639 


jaA9639 

jaA9639 


The manufacturer’s most current data sheets 


take precedence over this guide. 



10-12 







Industry Package Cross-Reference Guide 



NSC 

DP/DS 

NSC 

fiA 

Signetics 

Motorola 

Tl 

RCA 

Hitachi 

NEC 

LTC 



4/16 Lead 
Glass/Metal DIP 

D 

D 

■ 

L 


D 

C 

D 

D 

I 

1 

1 

Glass/Metal 
R Flat Pack 

1 

F 

F 

Q 

F 

F, 

S 

K 

F 


Q 

j 

( 

d 

TIffl 

nDi 

D 

TO-99, TO-100, TO-5 

H 

H 

T. 

K, 

L, 
DB 

G 

L 

s*. 

Vi«* 


A 

H 

jinnnnnrL 

J 

R. 

D 

F 

U 

J 


G 

D 

J. 

J8 



8-, 14- and 16-Lead 


T_ruiJUiJLn_r low lemperature 

(Steel) 

\° (Aluminum) 

K 

■ 

■ 

KS 





K 

KC 

K 

DA 

K 

K 





( 

nnn 

TDO 

m 

1 

J 8-, 1 4- and 1 6-Lead 

Plastic DIP 

N 

1 

V, 

A, 

B 

P 

P, 

N 

E 

P 

C 

N. 

N8 

•With dual-in-line formed leads 
• ’With radically formed leads 


10-13 


Industry Package Cross-Reference Guide 





















Industry Package Cross-Reference Guide 



10-14 






































NSC 

DP/DS 

NSC 

mA 

SIgnetics 

Motorola 

Tl 

RCA 

Hitachi 

NEC 

LTC 

B 

s 

g 

s 

PCC 


Q 

A 

FN 

FN 

Q 

CP 

L 



□ LCC 

3 Leadless Ceramic 
^ Chip Carrier 

a: 

E 

LI 

G 

U 

FK/ 

FG/FH 

BJ 

CG 

K 



10-15 


Industry Package Cross-Reference Guide 











to 

CO 

± Understanding Integrated 
^ Circuit Package Power 
Capabilities 


National Semiconductor 
Application Note 336 
Charles Carinalli 
Josip Huljev 



INTRODUCTION 

The short and long term reliability of National Semiconduc- 
tor’s interface circuits, like any integrated circuit, is very de- 
pendent on its environmental condition. Beyond the me- 
chanical/environmental factors, nothing has a greater influ- 
ence on this reliability than the electrical and thermal stress 
seen by the integrated circuit. Both of these stress issues 
are specifically addressed on every interface circuit data 
sheet, under the headings of Absolute Maximum Ratings 
and Recommended Operating Conditions. 

However, through application calls, it has become clear that 
electrical stress conditions are generally more understood 
than the thermal stress conditions. Understanding the im- 
portance of electrical stress should never be reduced, but 
clearly, a higher focus and understanding must be placed on 
thermal stress. Thermal stress and its application to inter- 
face circuits from National Semiconductor is the subject of 
this application note. 

FACTORS AFFECTING DEVICE RELIABILITY 

Figure 1 shows the well known “bathtub” curve plotting fail- 
ure rate versus time. Similar to all system hardware (me- 
chanical or electrical) the reliability of interface integrated 
circuits conform to this curve. The key issues associated 
with this curve are infant mortality, failure rate, and useful 



to ti t 2 

EARLY LIFE USEFUL LIFE WEAROUTTIME 

TL/F/5280-1 

FIGURE 1. Failure Rate vs Time 
Infant mortality, the high failure rate from time tO to t1 (early 
life), is greatly influenced by system stress conditions other 
than temperature, and can vary widely from one application 
to another. The main stress factors that contribute to infant 
mortality are electrical transients and noise, mechanical 
maltreatment and excessive temperatures. Most of these 
failures are discovered in device test, burn-in, card assem- 
bly and handling, and initial system test and operation. Al- 
though important, much literature is available on the subject 
of infant mortality in integrated circuits and is beyond the 
scope of this application note. 


Failure rate is the number of devices that will be expected to 
fail in a given period of time (such as, per million hours). The 
mean time between failure (MTBF) is the average time (in 
hours) that will be expected to elapse after a unit has failed 
before the next unit failure will occur. These two primary 
“units of measure" for device reliability are inversely relat- 
ed: 

MTBF = ^ \ — 

Failure Rate 

Although the “bathtub” curve plots the overall failure rate 
versus time, the useful failure rate can be defined as the 
percentage of devices that fail per-unit-time during the flat 
portion of the curve. This area, called the useful life, extends 
between t1 and t2 or from the end of infant mortality to the 
onset of wearout. The useful life may be as short as several 
years but usually extends for decades if adequate design 
margins are used in the development of a system. 

Many factors influence useful life including: pressure, me- 
chanical stress, thermal cycling, and electrical stress. How- 
ever, die temperature during the device’s useful life plays an 
equally important role in triggering the onset of wearout. 

FAILURE RATES vs TIME AND TEMPERATURE 

The relationship between integrated circuit failure rates and 
time and temperature is a well established fact. The occur- 
rence of these failures is a function which can be represent- 
ed by the Arrhenius Model. Well validated and predominant- 
ly used for accelerated life testing of integrated circuits, the 
Arrhenius Model assumes the degradation of a performance 
parameter is linear with time and that MTBF is a function of 
temperature stress. The temperature dependence is an ex- 
ponential function that defines the probability of occurrence. 
This results in a formula for expressing the lifetime or MTBF 
at a given temperature stress in relation to another MTBF at 
a different temperature. The ratio of these two MTBFs is 
called the acceleration factor F and is defined by the follow- 
ing equation: 



Where: XI = Failure rate at junction temperature T1 
X2 = Failure rate at junction temperature T2 
T = Junction temperature in degrees Kelvin 
E = Thermal activation energy in electron volts 
(ev) 

K = Boltzman’s constant 
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However, the dramatic acceleration effect of junction tem- 
perature (chip temperature) on failure rate is illustrated in a 
plot of the above equation for three different activation en- 
ergies in Figure 2. This graph clearly demonstrates the im- 
portance of the relationship of junction temperature to de- 
vice failure rate. For example, using the 0.99 ev line, a 30° 
rise in junction temperature, say from 130°C to 160°C, re- 
sults in a 10 to 1 increase in failure rate. 



30 60 90 120 150 180 210 

JUNCTION TEMPERATURE (°C) 

TL/F/5280-2 

FIGURE 2. Failure Rate as a Function 
of Junction Temperature 

DEViCE THERMAL CAPABiLITiES 

There are many factors which affect the thermal capability 
of an integrated circuit. To understand these we need to 
understand the predominant paths for heat to transfer out of 
the integrated circuit package. This is illustrated by Figures 
3 and 4. 

Figure 3 shows a cross-sectional view of an assembled inte- 
grated circuit mounted into a printed circuit board. 

Figure is a flow chart showing how the heat generated at 
the power source, the junctions of the integrated circuit 


flows from the chip to the ultimate heat sink, the ambient 
environment. There are two predominant paths. The first is 
from the die to the die attach pad to the surrounding pack- 
age material to the package lead frame to the printed circuit 
board and then to the ambient. The second path is from the 
package directly to the ambient air. 

Improving the thermal characteristics of any stage in the 
flow chart of Figure 4 will result in an improvement in device 
thermal characteristics. However, grouping all these charac- 
teristics into one equation determining the overall thermal 
capability of an integrated circuit/package/environmental 
condition is possible. The equation that expresses this rela- 
tionship is: 

Tj = Ta + Pd (^ja) 

Where: Tj = Die junction temperature 

Ta = Ambient temperature in the vicinity device 
Pq = Total power dissipation (in watts) 

0JA = Thermal resistance junction-to-ambient 
0JA, the thermal resistance from device junction-to-ambient 
temperature, is measured and specified by the manufactur- 
ers of integrated circuits. National Semiconductor utilizes 
special vehicles and methods to measure and monitor this 
parameter. All interface circuit data sheets specify the ther- 
mal characteristics and capabilities of the packages avail- 
able for a given device under specific conditions — these 
package power ratings directly relate to thermal resistance 
junction-to-ambient or 0 ja. 

Although National provides these thermal ratings, it is crit- 
ical that the end user understand how to use these numbers 
to improve thermal characteristics in the development of his 
system using interface components. 



FIGURE 3. Integrated Circuit Soldered into a Printed Circuit Board (Cross-Sectional View) 



FiGURE 4. Thermai Flow (Predominant Paths) 


TL/F/5280-4 
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DETERMINING DEVICE OPERATING 
JUNCTION TEMPERATURE 

From the above equation the method of determining actual 
worst-case device operating junction temperature becomes 
straightforward. Given a package thermal characteristic, 
0JA, worst-case ambient operating temperature, TA(max), 
the only unknown parameter Is device power dissipation, 
Pd- In calculating this parameter, the dissipation of the inte- 
grated circuit due to its own supply has to be considered, 
the dissipation within the package due to the external load 
must also be added. The power associated with the load in 
a dynamic (switching) situation must also be considered. 
For example, the power associated with an inductor or a 
capacitor in a static versus dynamic (say, 1 MHz) condition 
is significantly different. 

The junction temperature of a device with a total package 
power of 600 mW at 70°C in a package with a thermal re- 
sistance of 63°C/W is 108°C. 

Tj = 70°C + (BS-C/W) X (0.6W) = 108°C 
The next obvious question is, “how safe is 108°C?” 
MAXIMUM ALLOWABLE JUNCTION TEMPERATURES 
What is an acceptable maximum operating junction temper- 
ature is in itself somewhat of a difficult question to answer. 
Many companies have established their own standards 
based on corporate policy. However, the semiconductor in- 
dustry has developed some defacto standards based on the 
device package type. These have been well accepted as 
numbers that relate to reasonable (acceptable) device life- 
times, thus failure rates. 

National Semiconductor has adopted these industry-wide 
standards. For devices fabricated in a molded package, the 
maximum allowable junction temperature is 150°C. For 
these devices assembled in ceramic or cavity DIP pack- 
ages, the maximum allowable junction temperature is 
175°C. The numbers are different because of the differenc- 
es in package types. The thermal strain associated with the 
die package interface in a cavity package is much less than 
that exhibited in a molded package where the Integrated 
circuit chip is in direct contact with the package material. 
Let us use this new information and our thermal equation to 
construct a graph which displays the safe thermal (power) 
operating area for a given package type. Figure 5 is an ex- 
ample of such a graph. The end points of this graph are 
easily determined. For a 16-pin molded package, the maxi- 
mum allowable temperature is 150°C; at this point no power 
dissipation is allowable. The power capability at 25°C is 
1.98W as given by the following calculation: 


Pd @ 25°C = 


Tj(max)-TA 

®JA 


150°C-25°C 

63'C/W 


1.98W 


The slope of the straight line between these two points is 
minus the inversion of the thermal resistance. This is re- 
ferred to as the derating factor. 

Derating Factor = - — ^ 

0JA 

As mentioned, Figure 5 is a plot of the safe thermal operat- 
ing area for a device in a 16-pin molded DIP. As long as the 
intersection of a vertical line defining the maximum ambient 
temperature (70°C in our previous example) and maximum 
device package power (600 mW) remains below the maxi- 
mum package thermal capability line the junction tempera- 
ture will remain below 150°C — the limit for a molded pack- 
age. If the Intersection of ambient temperature and package 
power fails on this line, the maximum junction temperature 
will be 1 50°C. Any intersection that occurs above this line 
will result in a junction temperature in excess of 1 50°C and 
is not an appropriate operating condition. 
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FIGURE 5. Package Power Capability 
vs Temperature 

The thermal capabilities of all interface circuits are ex- 
pressed as a power capability at 25°C still air environment 
with a given derating factor. This simply states, for every 
degree of ambient temperature rise above 25°C, reduce the 
package power capability stated by the derating factor 
which is expressed in mW/'C. For our example — a 0 ja of 
63°C/W relates to a derating factor of 1 5.9 mW/°C. 

FACTORS INFLUENCING PACKAGE 
THERMAL RESISTANCE 

As discussed earlier, improving any portion of the two pri- 
mary thermal flow paths will result in an improvement in 
overall thermal resistance junction-to-ambient. This section 
discusses those components of thermal resistance that can 
be influenced by the manufacturer of the integrated circuit. It 
also discusses those factors in the overall thermal resist- 
ance that can be impacted by the end user of the integrated 
circuit. Understanding these issues will go a long way in 
understanding chip power capabilities and what can be 
done to insure the best possible operating conditions and, 
thus, best overall reliability. 
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Die Size 

Figure 6 shows a graph of our 16-pin DIP thermal resistance 
as a function of integrated circuit die size. Clearly, as the 
chip size increases the thermal resistance decreases — this 
relates directly to having a larger area with which to dissi- 
pate a given power. 



DIE SIZE (kMIL^) 
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FIGURE 6. Thermal Resistance vs Die Size 
Lead Frame Material 

Figure 7 shows the influence of lead frame material (both 
die attach and device pins) on thermal resistance. This 
graph compares our same 16-pin DIP with a copper lead 
frame, a Kovar lead frame, and finally an Alloy 43 type lead 
frame — these are lead frame materials commonly used in 
the industry. Obviously the thermal conductivity of the lead 
frame material has a significant impact in package power 
capability. Molded interface circuits from National Semicon- 
ductor use the copper lead frame exclusively. 



DIE SIZE (kMIL^) 
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FIGURE 7. Thermal Resistance vs 
Lead Frame Material 

Board vs Socket Mount 

One of the major paths of dissipating energy generated by 
the integrated circuit is through the device leads. As a result 
of this, the graph of Figure 8 comes as no surprise. This 
compares the thermal resistance of our 16-pin package sol- 
dered into a printed circuit board (board mount) compared 
to the same package placed in a socket (socket mount). 
Adding a socket in the path between the PC board and the 
device adds another stage in the thermal flow path, thus 
increasing the overall thermal resistance. The thermal capa- 
bilities of National Semiconductor’s interface circuits are 
specified assuming board mount conditions. If the devices 
are placed in a socket the thermal capabilities should be 
reduced by approximately 5% to 10%. 



DIE SIZE (kMIL^) 
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FIGURE 8. Thermal Resistance vs 
Board or Socket Mount 

Air Flow 

When a high power situation exists and the ambient temper- 
ature cannot be reduced, the next best thing is to provide air 
flow in the vicinity of the package. The graph of Figure 9 
illustrates the impact this has on thermal resistance. This 
graph plots the relative reduction in thermal resistance nor- 
malized to the still air condition for our 16-pin molded DIP. 
The thermal ratings on National Semiconductor’s interface 
circuits data sheets relate to the still air environment. 



AIR FLOW (LINEAR FEET/ MINUTE) 
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FIGURE 9. Thermal Resistance vs Air Flow 
Other Factors 

A number of other factors influence thermal resistance. The 
most important of these is using thermal epoxy in mounting 
IDs to the PC board and heat sinks. Generaliy these tech- 
niques are required only in the very highest of power appli- 
cations. 

Some confusion exists between the difference in thermal 
resistance junction-to-ambient (0 ja) and thermal resistance 
junction-to-case (0jc)- The best measure of actual junction 
temperature is the junction-to-ambient number since nearly 
all systems operate in an open air environment. The only 
situation where thermal resistance junction-to-case is impor- 
tant is when the entire system is immersed in a thermal bath 
and the environmental temperature is indeed the case tem- 
perature. This is only used in extreme cases and is the ex- 
ception to the rule and, for this reason, is not addressed in 
this application note. 
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NATIONAL SEMICONDUCTOR 
PACKAGE CAPABILITIES 

Figures 10 and 11 show composite plots of the thermal 
characteristics of the most common package types in the 
National Semiconductor Interface Circuits product family. 
Figure 10 is a composite of the copper lead frame molded 
package. Figure / / is a composite of the ceramic (cavity) 
DIP using poly die attach. These graphs represent board 
mount still air thermal capabilities. Another, and final, ther- 
mal resistance trend will be noticed in these graphs. As the 
number of device pins increase in a DIP the thermal resist- 
ance decreases. Referring back to the thermal flow chart, 
this trend should, by now, be obvious. 

RATINGS ON INTERFACE CIRCUITS DATA SHEETS 

In conclusion, all National Semiconductor Interface Prod- 
ucts define power dissipation (thermal) capability. This infor- 
mation can be found in the Absolute Maximum Ratings sec- 
tion of the data sheet. The thermal information shown in this 
application note represents average data for characteriza- 
tion of the indicated package. Actual thermal resistance can 
vary from ±10% to ±15% due to fluctuations in assembly 
quality, die shape, die thickness, distribution of heat sources 
on the die, etc. The numbers quoted in the interface data 
sheets reflect a 15% safety margin from the average num- 


Molded (N Package) DIP* 
Copper Leadframe — HTP 
Die Attach Board Mount — 
Still Air 



•Packages from 8- to 20-pin 0.3 mil width TL/F/5280-10 


22-pin 0.4 mil width 
24- to 40-pin 0.6 mil width 

FIGURE 10. Thermal Resistance vs Die Size 
vs Package Type (Molded Package) 


bers found in this application note. Insuring that total pack- 
age power remains under a specified level will guarantee 
that the maximum junction temperature will not exceed the 
package maximum. 

The package power ratings are specified as a maximum 
power at 25°C ambient with an associated derating factor 
for ambient temperatures above 25°C. It is easy to deter- 
mine the power capability at an elevated temperature. The 
power specified at 25°C should be reduced by the derating 
factor for every degree of ambient temperature above 25°C. 
For example, in a given product data sheet the following will 
be found; 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded Package 1476 mW 
• Derate cavity package at 10 mW/°C above 25°C; derate molded package 
at 11.8 mW/"C above 25°C. 

If the molded package is used at a maximum ambient tem- 
perature of 70°C, the package power capability is 945 mW. 
Pd @ 70°C = 1 476 mW - (1 1 .8 mW/“C) X (70°C - 25°C) 

= 945 mW 


Cavity (J Package) DIP* 
Poly Die Attach Board 
Mount— Still Air 
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•Packages from 8- to 20-pin 0.3 mil width TL/F/5280-1 1 

. 22-pin 0.4 mil width 
24- to 48-pin 0.6 mil width 

FIGURE 11. Thermal Resistance vs Die Size 
vs Package Type (Cavity Package) 
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Small Outline (SO) Package 
Surface Mounting Methods- 
Parameters and Their 
Effect on Product Reiiabiity 
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The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 

COMPONENT SIZE COMPARISON 


S.O. Package 



HI — TYPICAUr 0.050' LEADSFACING 

TL/F/8766-1 


Standard DIP Package 



H h TYPICAlir 0.100' UAOSPACIHG 


Because of its small size, reliability of the product assem- 
bled in SO packages needs to be carefully evaluated. 

SO packages at National were internally qualified for pro- 
duction under the condition that they be of comparable reli- 
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure /I is a summary 
of accelarated bias moisture test performance on 30V bipo- 
lar and 15V CMOS product assembled in SO and DIP (con- 
trol) packages. 
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TEST TIME (HRS) 
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FIGURE A 


In order to achieve reliability performance comparable to 
DIPS — SO packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 

All SO packages tested on 85%RA, 85°C were assembled 
on PC conversion boards using vapor-phase reflow solder- 
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP control product for up 
to 6000 hours of accelerated 85%/85°C testing. 

SURFACE-MOUNT PROCESS FLOW 

The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount opera- 
tions, are illustrated on the following pages. 

Usual variations encountered by users of SO packages are: 

• Single-sided boards, surface-mounted components only. 
•Single-sided boards, mixed-lead inserted and surface- 

mounted components. 

• Double-sided boards, surface-mounted components only. 

• Double-sided boards, mixed-lead inserted and surface- 
mounted components. 

In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad- 
hesive applications, along with the commonly-used vapor- 
phase solder reflow soldering technique. 

PRODUCTION FLOW 


Basic Surface-Mount Production Flow 
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Mixed Surface-Mount and Axial-Leaded Insertion 
Components Production Flow 
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Thermal stress of the packages during surface-mounting 
processing is more severe than during standard DIP PC 
board mounting processes. Figure B illustrates package 
temperature versus wave soldering dweli time for surface 
mounted packages (components are immersed into the 
molten solder) and the standard DIP wave soldering pro- 
cess. (Only leads of the package are immersed into the mol- 
ten solder). 



DWELL TIME 

TL/F/8766-6 

FIGURE B 

For an ideal package, the thermal expansion rate of the 
encapsulant shouid match that of the leadframe material in 
order for the package to maintain mechanical integrity dur- 
ing the soldering process. Unfortunately, a perfect matchup 
of thermal expansion rates with most presently used pack- 
aging materials is scarce. The problem lies primarily with the 
epoxy compound. 

Normally, thermal expansion rates for epoxy encapsulant 
and metal lead frame materials are linear and remain fairly 
close at temperatures approaching 160°C, Figure C. At low- 
er temperatures the difference in expansion rate of the two 
materials is not great enough to cause interface separation. 
However, when the package reaches the glass-transition 
temperature (Tg) of epoxy (typicaliy 160-165'C), the ther- 
mal expansion rate of the encapsulant increases sharply, 
and the material undergoes a transition into a plastic state. 
The epoxy begins to expand at a rate three times or more 
greater than the metal leadframe, causing a separation at 
the interface. 



T(®C) 


TL/F/8766-26 

FIGURE C 
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When this happens during a conventional wave soldering 
process using flux and acid cleaners, process residues and 
even solder can enter the cavity created by the separation 
and become entrapped when the material cools. These 
contaminants can eventually diffuse into the interior of the 
package, especially in the presence of moisture. The result 
is die contamination, excessive leakage, and even cata- 
strophic failure. Unfortunately, electrical tests performed im- 
mediately following soldering may not detect potential flaws. 
Most soldering processes involve temperatures ranging up 
to 260°C, which far exceeds the glass-transition tempera- 
ture of epoxy. Clearly, circuit boards containing SMD pack- 
ages require tighter process controls than those used for 
boards populated solely by DIPs. 

Figure £? is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 

Group 1 — Standard DIP package 
Group 2 — SO packages vapor-phase reflow soldered on 
PC boards 

Group 3-6 SO packages wave soldered on PC boards 
Group 3 — dwell time 2 seconds 

4 — dwell time 4 seconds 

5 — dwell time 6 seconds 

6 — dwell time 10 seconds 

#6(10 SEC) 


#5(6 SEC) 

#4(4 SEC) 

#3(2 SEC) 

#2(V-PH) 

#1-STD 
0 2000 4000 6000 

TEST TIME (HRS) 
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FIGURE D 

It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow pro- 
cess have the best long term bias moisture performance 
and this is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre- 
ferred for the surface-mount process. 

When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend- 
ed. 

PICK AND PLACE 

The choice of automatic (all generally programmable) pick- 
and-place machines to handle surface mounting has grown 
considerably, and their selection is based on individual 
needs and degree of sophistication. 



The basic component-placement systems available are 
classified as: 

(a) In-line placement 

— Fixed placement stations 

— Boards indexed under head and respective compo- 
nents placed 

(b) Sequential placement 

— Either a X-Y moving table system or a 0, X-Y moving 
pickup system used 

— Individual components picked and placed onto boards 

(c) Simultaneous placement 
— Multiple pickup heads 

— Whole array of components placed onto the PCB at 
the same time 

(d) Sequential/simultaneous placement 

— X-Y moving table, multiple pickup heads system 
— Components placed on PCB by successive or simul- 
taneous actuation of pickup heads 
The SO package is treated almost the same as surface- 
mount, passive components requiring correct orientation in 
placement on the board. 

Pick and Place Action 
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BAKE 

This is recommended, despite claims made by some solder 

paste suppliers that this step be omitted. 

The functions of this step are: 

• Holds down the solder globules during subsequent reflow 
soldering process and prevents expulsion of small solder 
balls. 

• Acts as an adhesive to hold the components in place dur- 
ing handling between placement to reflow soldering. 

• Holds components in position when a double-sided sur- 
face-mounted board is held upside down going into a va- 
por-phase reflow soldering operation. 

• Removes solvents which might othenwise contaminate 
other equipment. 

• Initiates activator cleaning of surfaces to be soldered. 

• Prevents moisture absorption. 
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The process is moreover very simple. The usual schedule is 
about 20 minutes in a eS'C-OS'C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea- 
sons: 

• The flux will degrade and affect the characteristics of the 
paste. 

• Solder globules will begin to oxidize and cause solderabili- 
ty problems. 

• The paste will creep and after reflow, may leave behind 
residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 

REFLOW SOLDERING 

There are various methods for reflowing the solder paste, 
namely: 

• Hot air reflow 

• Infrared heating (furnaces) 

• Convectional oven heating 

• Vapor-phase reflow soldering 

• Laser soldering 

For SO applications, hot air reflow/infrared furnace may be 
used for low-volume production or prototype work, but va- 
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
“hot spots” in the oven and uneven melting may result. La- 
ser soldering is more for specialized applications and re- 
quires a great amount of investment. 

HOT GAS REFLOW/INFRARED HEATING 

A hand-held or table-mount air blower (with appropriate ori- 
fice mask) can be used. 

The boards are preheated to about 100“C and then subject- 
ed to an air jet at about 260°C. This is a slow process and 
results may be inconsistent due to various heat-sink proper- 
ties of passive components. 

Use of an infrared furnace is the next step to automating the 
concept, except that the heating is promoted by use of IR 
lamps or panels. The main objection to this method is that 
certain materials may heat up at different rates under IR 
radiation and may result in damage to these components 
(usually sockets and connectors). This could be minimized 
by using far-infrared (non-focused) system. 

VAPOR-PHASE REFLOW SOLDERING 

Currently the most popular and consistent method, vapor- 
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol- 
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 

The commonly used fluids (supplied by 3M Corp) are: 

• FC-70, 215°C vapor (most applications) or FX-38 

• FC-71, 253°C vapor (low-lead or tin-plate) 

HTC, Concord, CA, manufactures equipment that utilizes 
this technique, with two options: 

• Batch systems, where boards are lowered in a basket and 
subjected to the vapor from a tank of boiling fluid. 

• In-line conveyorized systems, where boards are placed 
onto a continuous belt which transports them into a con- 
cealed tank where they are subjected to an environment 
of hot vapor. 

Dwell time in the vapor is generally on the order of 15-30 
seconds (depending on the mass of the boards and the 
loading density of boards on the belt). 


In-Line Conveyorized Vapor-Phase Soldering 

CONDENSATION 



The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 
from room temperature to 215°C. SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack- 
ages, such as cerdips, metal cans and TO-5 cans with glass 
seals, have also been tested. 


Vapor-Phase Furnace 
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Batch-Fed Production Vapor-Phase Soldering Unit 

SECONDARY 
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Solder Joints on a SO-14 Package on PCB 


Solder Joints on a SO-14 Package on PCB 
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PRINTED CIRCUIT BOARD 

The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 

The package can be reliably mounted onto substrates such 
as: 

• G10 or FR4 glass/resin 

• FR5 glass/resin systems for hIgh-temperature 
applications 

• Polymide boards, also high-temperature 
applications 

• Ceramic substrates 

General requirements for printed circuit boards are: 

• Mounting pads should be solder-plated whenever 
applicable. 

• Solder masks are commonly used to prevent solder bridg- 
ing of fine lines during soldering. 

The mask also protects circuits from processing chemical 
contamination and corrosion. 

If coated over pre-tinned traces, residues may accumulate 
at the mask/trace interface during subsequent reflow, 
leading to possible reliability failures. 

Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 

General requirements for solder mask: 

— Good pattern resolution. 

— Complete coverage of circuit lines and resistance to 
flaking during soldering. 

— Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 

— Compatible with soldering and cleaning requirements. 
SOLDER PASTE SCREEN PRINTING 

With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 


TL/F/8766-13 

The typical lithographic “footprints” for SO packages are 
illustrated below. Note that the 0.050" lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 

Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 
common and well-tried method. The paste is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 

The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com- 
ponents. Recommended working specifications are: 

• Use stainless-steel, wire-mesh screens, #80 or #120, 
wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.5-5 times larger than the aver- 
age particle size of paste material. 

• Use squeegee of Durometer 70. 

• Experimentation with squeegee travel speed is recom- 
mended, if available on machine used. 

• Use solder paste of mesh 200-325. 

• Emulsion thickness of 0.005" usually used to achieve a 
solder paste thickness (wet) of about 0.008" typical. 

• Mesh pattern should be 90 degrees, square grid. 

• Snap-off height of screen should not exceed Va" , to avoid 
damage to screens and minimize distortion. 

SOLDER PASTE 

Selection of solder paste tends to be confusing, due to nu- 
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 

• Particle sizes (see photographs below). Mesh 325 (ap- 
proximately 45 microns) should be used for general pur- 
poses, while larger (solder globules) particles are pre- 
ferred for leadless components (LCC). The larger particles 
can easily be used for SO packages. 
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• Uniform particle distribution. Solder globules should be 
spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 100/200 x magnifica- 
tion). Uneven distribution causes uneven melting and sub- 
sequent expulsion of smaller solder balls away from their 
proper sites. 


RECOMMENDED SOLDER PADS FOR SO PACKAGES 
SO-8, SO-14, SO-16 


0.045" ±0.005" 
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0.160" 
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• Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 
Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 

• RMA flux system usually used. 

• Use paste with aproximately 88-90% solids. 


SO-16L, SO-20 




0.325" ±0.005" 


0.030" ±0.005' 


■ III 

-I U .J u 


0.045" 

±0.005" 


0.050" TYP 
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Comparison of Particle Size/Shape of Various Solder Pastes 
200 X Alpha (62/36/2) 200 X Kester (63/37) 
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CLEANING 

The most critical process in surface mounting SO packages 
is in the cleaning cycle. The package is mounted very close 
to the surface of the substrate and has a tendency to collect 
residue left behind after reflow soldering. 

Important considerations in cleaning are: 

• Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 

• A low surface tension solvent (high penetration) should be 
employed. Solvents commercially available are; 

Freon TMS (general purpose) 

Freon TE35/TP35 (cold-dip cleaning) 

Freon TES (general purpose) 

It should also be noted that these solvents generally will 
leave the substrate surface hydrophobic (moisture repel- 
lent), which is desirable. 

Prelete or 1,1,1-Trichloroethane 
Kester 5120/5121 

• A defluxer system which allows the workpiece to be sub- 
jected to a solvent vapor, followed by a rinse in pure sol- 
vent and a high-pressure spray lance are the basic requir- 
ments for low-volume production. 

• For volume production, a conveyorized, multiple hot sol- 
vent spray /jet system is recommended. 

• Rosin, being a natural occurring material, is not readily 
soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet- 
ic flux (SA flux), which is readily soluble in Freon TMS 
solvent, has been developed. This should be explored 
where permissible. 

The dangers of an inadequate cleaning cycle are: 

• Ion contamination, where ionic residue left on boards 
would cause corrosion to metallic components, affecting 
the performance of the board. 

• Electro-migration, where ionic residue and moisture pres- 
ent on electrically-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 

REWORK 

Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap- 
propriate orifice masking to protect surrounding compo- 
nents may be used. 

When rework is necessary in the field, specially-designed 
tweezers that thermally heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 


Hot-Air Solder Rework Station 



Hot-Air Rework Machine 
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iead tips or, if necessary, solder paste can be dispensed 
onto the pads using a varimeter. After being placed into 
position, the solder is reflowed by a hot-air jet or even a 
standard soldering iron. 

WAVE SOLDERING 

In a case where lead insertions are made on the same 
board as surface-mounted components, there is a need to 
include a wave-soldering operation in the process flow. 

Two options are used: 

• Surface mounted components are placed and vapor 
phase reflowed before auto-insertion of remaining compo- 
nents. The board is carried over a standard wave-solder 
system and the underside of the board (only lead-inserted 
leads) soldered. 

• Surface-mounted components are placed in position, but 
no solder paste is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack- 
age. The adhesive is cured and then proceeded to auto- 
insertion on the reverse side of the board (surface-mount- 
ed side facing down). The assembly is then passed over a 
“dual wave” soldering system. Note that the surface- 
mounted components are immersed into the molten sol- 
der. 

Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board specially designed to localize 
certain areas for easy access to the trim blade. 

The controls required for wave soldering are: 

• Solder temperature to be 240-260°C. The dwell time of 
components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com- 
ponents and semiconductor devices. 

• RMA (Rosin Mildly Activated) flux or more aggressive OA 
(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous, when OA flux 
is used), as the entire board has been treated by flux (un- 
like solder paste, which is more or less localized). Non- 
halide OA fluxes are highly recommended. 

• Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 1 00°C just before entering the solder wave. 

• Due to the closer lead spacings (0.050" vs 0.100" for 
dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes “shadowing” of some areas, resulting in poor sol- 
der coverage. This is minimized by dual-wave solder sys- 
tems. 
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(a) Same Side 


(b) Opposite Sides 



A typical dual-wave system is illustrated below, showing the 
various stages employed. The first wave typically is in turbu- 
lence and given a transverse motion (across the motion of 
the board). This covers areas where “shadowing” occurs. A 
second wave (usually a broad wave) then proceeds to per- 
form the standard soldering. The departing edge from the 
solder is such to reduce “icicles,” and is still further reduced 
by an air knife placed close to the final soldering step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 

AQUEOUS CLEANING 

• For volume production, a conveyorized system is often 
used with a heated recirculating spray wash (water tem- 
perature 130°C), a final spray rinse (water temperature 
45-55°C), and a hot (120°C) air/ air-knife drying section. 

• For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast- 
drying solvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. 

• Neutralizing agents which will react with the corrosive ma- 
terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 

• Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned because they introduce a fresh 
amount of ionizable material. 



- TL/F/8766-25 

CONFORMAL COATING 

Conformal coating is recommended for high-reliability PCBs 

to provide insulation resistance, as well as protection 

against contamination and degradation by moisture. 

Requirements: 

• Complete coating over components and solder joints. 

• Thixotropic material which will not flow under the pack- 
ages or fill voids, othenwise will introduce stress on solder 
joints on expansion. 

• Compatibility and possess excellent adhesion with PCB 
material/components. 

• Silicones are recommended where permissible in 
application. 
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AN-450 


SMD Lab Support 

FUNCTIONS 

Demonstration — Introduce first-time users to surface- 
mounting processes. 

Service — investigate problems experienced by users on 
surface mounting. 

Reliability Builds— Assemble surface-mounted units for re- 
liability data acquisition. 


Techniques— Deveiop techniques for handling different 
materials and processes in surface mounting. 

Equipment— In conjunction with equipment manufacturers, 
develop customized equipments to handle high density, 
new technology packages developed by National. 

In-House Expertise — Availability of in-house expertise on 
semiconductor research/development to assist users on 
packaging queries. 
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National 

Semiconductor 


All dimensions are in inches (millimeters) 


0.810 




1 AND 16) DISC (REV H) 

NS Package D16C 
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Physical Dimensions 





Physical Dimensions 
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HIOC(REVD) 

NS Package H10C 
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Physical Dimensions 
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Physical Dimensions 
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Physical Dimensions 
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Physical Dimensions 
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Physical Dimensions 
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National 
Semiconductor 

Bookshelf of Technical Support Information 

National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this 
bookshelf. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 

Technical Communications Dept. M/S 23-200 

2900 Semiconductor Drive 

P.O. Box 58090 

Santa Clara, CA 95052-8090 

For a recorded update of this listing plus ordering information for these books from National’s Literature Distribution operation, 
please call (408) 749-7378. 

ALS/AS LOGIC DATABOOK— 1987 

Introduction to Bipolar Logic • Advanced Low Power Schottky • Advanced Schottky 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS— 1987 

SSI/MSI Functions • Peripheral Functions • LSI/VLSI Functions • Design Guidelines • Packaging 

CMOS LOGIC DATABOOK— 1988 

CMOS AC Switching Test Circuits and Timing Waveforms • CMOS Application Notes • MM54HC/MM74HC 
MM54HCT/MM74HCT • CD4XXX • MM54CXXX/MM74CXXX • Surface Mount 

DATA CONVERSION/ACQUISITION DATABOOK— 1984 

Selection Guides • Active Filters • Amplifiers • Analog Switches • Analog-to-Digital Converters 
Analog-to-Digital Display (DVM) • Digital-to-Analog Converters • Sample and Hold • Sensors/Transducers 
Successive Approximation Registers/Comparators • Voltage References 

DATA COMMUNICATION/LAN/UART DATABOOK— Rev. 1 

LAN IEEE 802.3 • High Speed Serial/IBM Data Communications • ISDN Components • UARTs 
Modems • Transmission Line Drivers/Receivers 

INTERFACE/BIPOLAR LSI/BIPOLAR MEMORY/PROGRAMMABLE LOGIC 
DATABOOK— 1983 

Transmission Line Drivers/ Receivers • Bus Transceivers • Peripheral/Power Drivers 
Level Translators/Buffers* Display Controllers/Drivers • Memory Support* Dynamic Memory Support 
Microprocessor Support • Data Communications Support • Disk Support • Frequency Synthesis 
Interface Appendices • Bipolar PROMs • Bipolar and ECL RAMs • 2900 Family/Bipolar Microprocessor 
Programmable Logic 



INTUITIVE 1C CMOS EVOLUTION— 1984 

Thomas M. Frederiksen’s new book targets some of the most significant transitions in semiconductor technology since the 
change from germanium to silicon. Intuitive 1C CMOS Evolution highlights the transition in the reduction in defect densities and 
the development of new circuit topologies. The author’s latest book is a vital aid to engineers, and industry observers who need 
to stay abreast of the semiconductor industry. 



INTUITIVE 1C OP AMPS— 1984 

Thomas M. Frederiksen’s new book, Intuitive iC Op Amps, explores the many uses and applications of different IC op amps. 
Frederiksen’s detailed book differs from others in the way he focuses on the intuitive groundwork in the basic functioning 
concepts of the op amp. Mr. Frederiksen’s latest book is a vital aid to engineers, designers, and industry observers who need to 
stay abreast of the computer industry. 

LINEAR APPLICATIONS HANDBOOK— 1986 

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 

LINEAR 1 DATABOOK— 1988 

Voltage Regulators • Operational Amplifiers • Buffers • Voltage Comparators • Instrumentation Amplifiers • Surface Mount 

LINEAR 2 DATABOOK— 1988 

Active Filters • Analog Switches/Multiplexers • Analog-to-Digital • Digital-to-Analog • Sample and Hold 
Sensors • Voltage References • Surface Mount 

LINEAR 3 DATABOOK— 1988 

Audio Circuits • Radio Circuits • Video Circuits • Motion Control • Special Functions • Surface Mount 

LINEAR SUPPLEMENT DATABOOK— 1984 

Amplifiers • Comparators • Voltage Regulators • Voltage References • Converters • Analog Switches 
Sample and Hold • Sensors • Filters • Building Blocks • Motor Controllers • Consumer Circuits 
Telecommunications Circuits • Speech • Special Analog Functions 

LS/S/TTL DATABOOK— 1987 

Introduction to Bipolar Logic • Low Power Schottky • Schottky • TTL • Low Power 

MASS STORAGE HANDBOOK— Rev. 2 

Winchester Disk Preamplifiers • Winchester Disk Servo Control • Winchester Disk Pulse Detectors 
Winchester Disk Data Separators/Synchronizers and ENDECs • Winchester Disk Data Controller 
SCSI Bus Interface Circuits • Floppy Disk Controllers 

MEMORY SUPPORT HANDBOOK— 1986 

Dynamic Memory Control • Error Checking and Correction • Microprocessor Interface and Applications 
Memory Drivers and Support 

NON-VOLATILE MEMORY DATABOOK— 1987 

CMOS EPROMs • EEPROMs • Bipolar PROMs 

SERIES 32000 DATABOOK— 1986 

Introduction • CPU-Central Processing Unit • Slave Processors • Peripherals • Data Communications and LAN’s 
Disk Control and Interface • DRAM Interface • Development Tools • Software Support • Application Notes 

RANDOM ACCESS MEMORY DATABOOK— 1987 

static RAMS • TTL RAMs • TTL FIFOs • ECL RAMs 



RELIABILITY HANDBOOK— 1986 

Reliability and the Die • Internal Construction • Finished Package • MIL-STD-883 • MIL-M-38510 

The Specification Development Process • Reliability and the Hybrid Device • VLSI/VHSIC Devices 

Radiation Environment • Electrostatic Discharge • Discrete Device • Standardization 

Quality Assurance and Reliability Engineering • Reliability and Documentation • Commercial Grade Device 

European Reliability Programs • Reliability and the Cost of Semiconductor Ownership 

Reliability Testing at National Semiconductor • The Total Military/Aerospace Standardization Program 

883B/RETSTM Products • MILS/RETS™ Products • 883 /RETStm Hybrids • MIL-M-38510 Class B Products 

Radiation Hardened Technology • Wafer Fabrication • Semiconductor Assembly and Packaging 

Semiconductor Packages • Glossary of Terms • Key Government Agencies • AN/ Numbers and Acronyms 

Bibliography* MIL-M-38510 and DESC Drawing Cross Listing 

TELECOMMUNICATIONS— 1987 

Line Card Components • Integrated Services Digital Network Components • Modems 
Analog Telephone Components • Application Notes 

THE SWITCHED-CAPACITOR FILTER HANDBOOK— 1985 

Introduction to Filters • National’s Switched-Capacitor Filters • Designing with Switched-Capacitor Filters 
Application Circuits • Filter Design Program • Nomographs and Tables 

TRANSISTOR DATABOOK— 1982 

NPN Transistors • PNP Transistors • Junction Field Effect Transistors • Selection Guides • Pro Electron Series 
Consumer Series • NA/NB/NR Series • Process Characteristics Double-Diffused Epitaxial Transistors 
Process Characteristics Power Transistors • Process Characteristics JFETs • JFET Applications Notes 

VOLTAGE REGULATOR HANDBOOK— 1982 

Product Selection Procedures • Heat Flow & Thermal Resistance • Selection of Commercial Heat Sink 
Custom Heat Sink Design • Applications Circuits and Descriptive Information • Power Supply Design 
Data Sheets 

48-SERIES MICROPROCESSOR HANDBOOK— 1980 

The 48-Series Microcomputers • The 48-Series Single-Chip System • The 48-Series Instruction Set 
Expanding the 48-Series Microcomputers • Applications for the 48-Series • Development Support 
Analog I/O Components • Communications Components • Digital I/O Components • Memory Components 
Peripheral Control Components 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS 


ALABAMA 

Arrow Electronics 
1015 Henderson Rd. 
Huntsville, AL 35818 
(205) 837-6955 
Bell Industries 
1031 Putnam Drive, Suite A 
Huntsville, AL 35816 
(205) 837-1074 
Hamilton/Avnet 
4940 Research Drive NW 
Huntsville, AL 35805 
(205) 837-7210 
TWX:810 726 2162 
Pioneer Technology 
4825 University Square 
Huntsville, AL 35805 
(205) 837-9300 
TWX; 810 726 2197 
ARIZONA 
Anthem Electronics 
1727 E Weber Dr. 

Tempe, AZ 85281 
(602) 966-6600 
Arrow Electronics 
4134 Eastwood St. 
Phoenix, AZ 85040 
(602) 437-0750 
TWX: 910 951 1550 
Bell Industries 
1705 W. Fourth St. 

Tempe, AZ 85281 
(602) 966-7800 
TWX: 910 950 0133 
Hamilton/Avnet 
30 South McKemy 
Chandler, AZ 85226 
(602) 231-5100 
TWX: 66 7450 
CALIFORNIA— Northern 
Anthem Electronics 
1040 East Brokaw Rd. 

San Jose, CA 95131 
(408) 295-4200 
TWX: 910 338 2038 
Anthem Electronics 
4700 Northgate Blvd. 

Suite 165 

Sacramento, CA 95834 
(916) 922-6800 
TWX: 510 101 1419 
Arrow Electronics 
521 Weddell Drive 
Sunnyvale, CA 94089 
(408) 745-6600 
TWX: 910 339 9371 
Bell Industries 
1161 North Fairoaks Ave. 
Sunnyvale, CA 94086 
(408) 734-8570 
TWX: 910 339 9378 
Bell Industries 
500 Giuseppe Ct. Suite 6 
Roseville, CA 95678 
(916) 969-3100 
Hamilton/Avnet 
1175 Bordeaux 
Sunnyvale, CA 94086 
(408) 743-3355 
TWX: 910 339 9332 


Hamilton/Avnet 
4103 Northgate Blvd. 
Sacramento, CA 95834 
(916) 925-2216 
Time Electronics 
1339 Moffet Park Dr. 
Sunnyvale, CA 94089 
(408) 734-9888 
TWX: 172233 

Zeus Components Inc., Reg 6 
N CA/OR/WA/CO/ 
UT/NE/NM/ & AZ 
1580 Old Oakland Rd. #C205 
San Jose, CA 95181 
(408) 998-5121 
CALIFORNIA— Southern 
Anthem Electronics 
9369 Carroll Park Dr. 

San Diego, CA 92121 
(619) 453-9005 
TWX: 910 335 1515 
Anthem Electronics 
1 Oldfield Dr. 

Irvine, CA 92718 
(714) 768-4444 
TWX: 910 595 1583 
Anthem Electronics 
20640 Bahama St. 

Chatsworth, CA 91311 
(818) 700-1000 
TWX; 910 493 2083 
Arrow Electronics 
9511 Ridgehaven Ct. 

San Diego, CA 92123 
(619) 565-4800 
TWX; 910 335 1195 
Arrow Electronics 
2961 Dow Ave. 

Tustin, CA 92680 
(714) 838-5422 
TWX: 910 595 2860 
Arrow Electronics 
19748 Dearborn St. 
Chatsworth, CA 9131 1 
(818) 701-7500 
TWX: 910 493 2086 
Avnet Electronics 
350 McCormick Ave. 

Irvine Industrial Complex 
Costa Mesa, CA 92626 
(714) 754-6050 
TWX: 910 595 1928 
Bell Industries 
306 E. Alondra Blvd. 

Gardena, CA 90248 
(213) 515-1800 
Bell Industries 
12322 Monarch St. 

Garden Grove, CA 92641 
(714) 895-7801 
TWX: 910 596 2362 
Bell Industries 
1829 Dehavilland Suite A 
Thousand Oaks, CA 91320 
(805) 499-6821 
TWX: 910 321 3799 
Hamilton Electro Sales 
3170 Pullman Street 
Costa Mesa, CA 92626 
(714) 641-4159 


Hamilton Electro Sales 
9650 DeSoto 
Chatsworth, CA 9131 1 
(818) 700-0440 
Hamilton/Avnet 
1361B West 190th St. 

Gardena, CA 90248 

(213) 217-6751 

Hamilton/Avnet 

4545 Viewridge Avenue 

San Diego, CA 92123 

(619)571-7510 

TWX: 695 415 

Hamilton/Avnet 

3002 East G Street 

Ontario, CA 91764 

(714) 989-4602 

Time Electronics 

370 South Crenshaw Blvd. 

Suite E-104 

Torrance, CA 90503-1727 
(213) 320-0880 
TWX: 910 349 6650 
Time Electronics 
2410 E. Cerritos Ave. 

Anaheim, CA 92806 
(714) 934-0911 
TWX: 910 591 1234 
Time Electronics 
8525 Arjons Drive 
San Diego, CA 92126 
(619) 586-1331 
TWX: 858902 
Time Electronics 
9751 Independence Ave, 
Chatsworth, CA 91311 
(816) 998-7200 
TWX: 910 380 6274 
Zeus Components Inc., Reg 5 
San Fernando Valley 
5236 Colodny Drive 
Agoura Hills, CA 91301 
(818) 889-3838 

Zeus Components Inc., Reg 5H 
All Hughes 

22700 Savy Ranch Pkwy. 

Yorba Linda, CA 92686 
Zeus Components Inc., Reg 8 
S CA, SG VLY, OC, SD CTY 
22700 Savy Ranch Pkwy. 

Yorba Linda, CA 92686 
(714) 921-9000 
COLORADO 
Anthem Electronics 
373 Inverness Dr. South 
Englewood, CO 80112 
(303) 790-4500 
Arrow Electronics 
7060 S Tucson Way 
Suite 136 

Englewood, CO 80112 
(303) 790-4444 
TWX; 910 931 2626 
Bell Industries 
8155 W. 48th Avenue 
Wheatridge, CO 80033 
(303) 424-1985 
TWX: 910 938 0393 


Hamilton/Avnet 

8765 E Orchard Road #708 

Englewood, CO 801 1 1 

(303) 779-9998 

TWX; 910 935 0787 


CONNECTICUT 

Arrow Electronics 
12 Beaumont Rd. 
Wallingford, CT 06492 
(203) 265-7741 
TWX: 710 476 0162 
Hamilton/Avnet 
Commerce Drive 
Commerce Park 
Danbury, CT 06810 
(203) 797-2800 
Anthem Electronics 
170 Research Parkway 
Meridan, CT 06450 
(203) 237-2282 
Pioneer Northeast 
112 Main St. 

Nonivalk, CT 06852 
(203) 853-1515 
TWX: 710 468 3378 
Time Electronics 
1701 Highland Ave. 

Cheshire, CT 06410 
(203) 271-3200 
TWX: 910 380 6270 
FLORIDA 
Arrow Electronics 
400 Fairway Drive 
Deerfield Beach, FL 33441 
(305) 429-8200 
TWX; 510 955 9456 
Arrow Electronics 
37 Skyline Drive #3101 
Lake Mary, FL 32746 
(407) 323-0252 
Bell Industries 
10810 72nd St. North #201 
Suite 201 
Largo, FL 33543 
(813) 541-4434 
Bell Industries 
638 South Military Trail 
Deerfield Beach, FL 33442 
(305) 421-1997 
Hamilton/Avnet 
6801 N.W. 15th Way 
Ft. Lauderdale, FL 33309 
(305) 971-2900 
TWX: 510 956 3097 
Hamilton/Avnet 
3197 Tech Drive North 
St. Petersburg, FL 33702 
(813) 576-3930 
TWX: 810 863 0374 
Hamilton/Avnet 
6947 University Blvd. 

Winter Park, FL 32792 
(305) 628-3888 
Pioneer Technology 
221 North Lake Blvd. 
Altamonte Springs, FL 32701 
(305) 834-9090 
TWX: 810 853 0284 
Pioneer Technology 
674 South Military Trial 
Deerfield Beach, FL 33441 
(305) 428-8877 
TWX: 510 955 9653 
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FLORIDA (Continued) 

Zeus Components Inc., Reg 4 
FL. GA, AL, Ml. SC & TN 
1750 West Broadway 
Oviedo, FL 32765 
(305) 365-3000 
GEORGIA 
Arrow Electronics 
3155 Northwoods Parkway 
Suite A 

Norcross, GA 30071 
(404) 449-8252 
TWX:810 766 0439 
Bell Industries 
6690-C Jones Mill Ct. 
Norcross, GA 30092 
(404) 662-0923 
Hamilton/Avnet 
5025D Peach Tree Corner E 
Norcross, GA 30092 
(404) 447-7500 
Pioneer Technology 
31 OOF Northwoods Place 
Norcross, GA 30071 
(404) 448-1711 
TWX:810 766 4515 
ILLINOIS 

Anthem Electronics 
1 80 Crossen Ave. 

Elk Grove Village, IL 60007 

(312) 640-6066 
Arrow Electronics 
1 140 West Thorndale Avenue 
Itasca, IL 60143 

(312) 250-0500 
TWX: 910 222 0351 
Bell Industries 
515 Busse Road 
Elk Grove Village, II 60007 

(312) 640-1910 
TWX: 910 223 4519 
Bell Industries 
730 West Kilarney 
Urbana, IL 61801 
(217) 328-1077 
Hamilton/Avnet 
1130 Thorndale Ave. 
Bensenville, IL 60106 
(312) 860-7780 
Pioneer Electronics 
2171 Executive Dr., Suite 200 
Addison, IL 60101 
(312) 495-9680 
TWX: 910 222 1834 
INDIANA 

Advent Electronics Inc. 

8446 Moller Rd. 

Indianapolis, IN 46268 
(317) 872-4910 
TWX: 810 341 3228 
Arrow Electronics 
2495 Directors Row 
Suite H 

Indianapolis, IN 46241 
(317) 243-9353 
TWX: 810 341 3119 
Bell Industries 
3606 E. Maumee Ave. 

Fort Wayne, IN 46803 
(219) 423-3422 
TWX: 910 997 0701 


Bell Industries — Graham Div. 
133 S Pennsylvania St. 
Indianapolis, IN 46204 
(317) 834-8202 
TWX: 810 341 3481 
Hamilton/Avnet 
485 Gradle Dr. 

Carmel, IN 46032 
(317) 844-9333 
TWX: 810 260 3966 
Pioneer-Indiana 
6408 Castleplace Drive 
Indianapolis, iN 46250 
(317) 849-7300 
IOWA 

Advent Electronics 
682 58th Ave. Court S.W. 
Cedar Rapids, lA 52404 
(319) 363-0221 
TWX: 910 525 1337 
Arrow Electronics 
375 Collins Rd. N.E. 

Cedar Rapids, lA 52402 
(319) 395-7230 
TWX: 910 493 2086 
Bell Industries 
1221 Park Place N.E. 

Cedar Rapids, lA 52402 
(319) 395-0730 
Hamilton/Avnet 
915 33rd Avenue S.W. 

Cedar Rapids, lA 52404 
(319) 362-4757 
KANSAS 
Arrow Electronics 
8208 Melrose Dr. 

Suite 210 
Lenexa. KS 66214 
(913) 541-9542 
Hamilton/Avnet 
9219 Quivira Rd 
Overland Park, KS 66215 
(913) 888-8900 
Pioneer Standard 
10551 Lackmann Road 
Lenexa, KS 66215 
(913) 492-0500 
MARYLAND 
Arrow Electronics 
8300 Guilford Dr. 

Columbia, MD 21045 
(301) 995-0003 
TWX: 710 236 9005 
Hamilton/Avnet 
6822 Oak Hall Lane . 
Columbia, MD 21045 
(301) 995-3500 
TWX: 710 862 1861 
Anthem Electronics 
9020-A Mendenhall Court 
Columbia, MD 21045 
(301) 964-0040 
TWX: 710 862 1909 
Pioneer Technology 
9100 Gaither Road 
Gaithersburg, MD 20877 
(301) 921-0660 
TWX: 710 828 0545 
Time Electronics 
9051 Red Branch Rd. 
Columbia, MD 21045 
(301) 964-3090 
TWX: 710 862 2860 


Zeus Components Inc., Reg 2 
MD, DE. VA, WVA, 

NC, RAYTHEON 
8930 Route 108 
Columbia, MD 21045 
(301) 997-1118 
MASSACHUSETTS 
Arrow Electronics 
25 Upton Drive 
Wilmington, MA 01887 
(617) 935-5134 
TWX: 710 393 6770 
Gerber Electronics 
128 Carnegie Row 
Norwood, MA 02062 
(617) 769-6000 
TWX: 710 336 1987 
Hamilton/Avnet 
10D Centennial Dr. 

Peabody, MA 01960 

(617) 531-7430 

TWX: 710 393 0382 

Anthem Electronics 

38 Jonspin Road 

Wilmington, MA 01887 

(617)657-5170 

TWX: 710 332 1387 

Pioneer Northeast 

44 Hartwell Avenue 

Lexington, MA 02173 

(617) 861-9200 

TWX: 710 326 6617 

Time Electronics 

10 A Centennial Drive 

Peabody, MA 01960 

(617) 532-6200 

TWX: 710 393 0171 

Zeus Coomponents Inc., Reg 1A 

MA, Rl, VT, NH, ME & CANADA 

429 Marrett Rd. 

Lexington, MA 02173 
(617) 863-8800 
MICHIGAN 
Arrow Electronics 
3510 Roger Chaffee 
Memorial Blvd. S.E, 

Grand Rapids, Ml 49508 
(616) 243-0912 
Arrow Electronics 
755 Phoenix Dr. 

Ann Arbor, Ml 48108 

(313) 971-8220 

TWX: 810 223 6020 ^ 

Bell Industries 

814 Phoenix Dr, 

Ann Arbor. Ml 48104 

(313) 971-9093 
Hamilton/Avnet 
2215 29th St. S.E. 

Grand Rapids, Ml 49508 
(616) 243-8805 
TWX: 810 273 6921 
Hamilton/Avnet 
32487 Schoolcraft Road 
Livonia, Ml 48150 

(313) 522-4700 
Pioneer Standard 
4505 Broadmoor S.E. 

Grand Rapids, Ml 49508 
(616) 698-1800 
TWX: 510 600 8456 


Pioneer Standard 
13485 Stanford 
Livonia, Ml 48150 

(313) 525-1800 
TWX: 810 242 3271 
R. M. Electronics 
4310 Roger B Chaffee 
Wyoming, Ml 49508 
(616) 531-9300 

MINNESOTA 
Anthem Electronics 
10025 Valley View Rd. #160 
Eden Prairie, MN 55344 
(612) 944-5454 
Arrow Electronics 
5230 73rd Street 
Edina, MN 55435 
(612) 830-1800 
TWX: 910 576 3125 
Hamiiton/Avnet 
12400 Whitewater Dr. 
Minnetonka, MN 55343-9421 
(612) 932-0600 
TWX: 910 572 2867 
Pioneer-Twin Cities 
7625 Goiden Triangle Dr. 
Suite G 

Eden Prairie, MN 55344 
(612) 935-5444 
TWx: 910 576 2738 
MISSOURI 
Arrow Electronics 
2380 Schuetz Road 
St. Louis, MO 63146 

(314) 567-6888 
TWX: 910 764 0882 
Hamiiton/Avnet 

13743 Shoreline Ct.-East 
Earth City, MO 83045 

(314)344-1200 
TWX: 910 762 0627 
Time Eiectronics 
330 Sovereign Ct. 

St. Louis, MO 63011-4491 

(314) 391-6444 
TWX: 910 760 1893 
NEW HAMPSHIRE 
Arrow Electronics 
3 Perimeter Rd. 

Manchester, NH 03103 
(603) 668-6968 
TWX: 710 220 1684 
Beii Industries — C & H Div. 

1 9 Park Avenue 
Hudson, NH 03051 
(603) 882-1133 
TWX: 710 228 8959 
Hamilton/Avnet 
444 Industrial Dr. 
Manchester, NH 03102 
(603) 624-9400 
NEW JERSEY— Northern 
Arrow Electronics 
6 Century Drive 
Parsippany, NJ 07054 
(201) 575-5300 
TWX: 710 734 4403 
Hamilton/Avnet 
10 Industrial Rd. 

Fairfield. NJ 07006 
(201) 575-3390 
TWX: 710 734 4409 
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NEW JERSEY— Northern 

(Continued) 

Anthem Electronics 
311 Rt. 46 West 
Fairfieid, NJ 07006 
(201) 227-7960 
TWX; 710 734 4312 
Nu Horizons Electronics 
39 Route 46 
Pinebrook, NJ 07058 
(201) 882-8300 
Pioneer 
45 Route 46 
Pine Brook, NJ 07058 
(201) 575-3510 
TWX: 710 734 4382 

NEW JERSEY— Southern 
Arrow Eiectronics 
6000 Lincoin Drive East 
Mariton, NJ 08053 
(609) 596-8000 
TWX: 710 897 0829 
Hamilton/Avnet 
One Keystone Ave. 
Cherry Hiil, NJ 08003 
(609) 424-0100 
TWX: 710 940 0262 

NEW MEXICO 
Alliance Electronics Inc. 
11030Cochitl S.E. 
Albuquerque, NM 87123 
(505) 292-3360 
TWX: 910 989 1151 
Arrow Electronics 
2460 Alamo Ave. S.E. 
Albuquerque, NM 87106 
(505) 243-4566 
TWX: 910 989 1679 
Bell Industries 
11728 LinnN.E. 
Albuquerque, NM 87123 
(505) 292-2700 
TWX; 910 989 0625 
Hamilton/Avnet 
2524 Baylor Drive S.E. 
Aibuquerque, NM 87106 
(505) 765-1500 
TWX: 910 989 1631 

NEW YORK— Upstate 
Arrow Eiectronics 
3375 Brighton-Henrietta 
Townline Rd. 

Rochester, NY 14623 
(716) 427-0300 
TWX: 510 253 4766 
Hamiiton/Avnet 
103 Twin Oaks Drive 
Syracuse, NY 13206 
(315) 437-2641 
TWX: 710 541 1506 
Hamiiton/Avnet 
2060 Town Line Road 
Rochester, NY 14623 
(716) 475-9130 
TWX; 510 253 5470 


Pioneer Northeast 
68 Corporate Drive 
Binghamton, NY 13904 
(607) 722-9300 
TWX: 510 252 0893 
Pioneer Northeast 
840 Fairport Rd. 

Fairport, NY 14450 
(716) 381-7070 
TWX: 510 253 7001 
Summit Eiectronics 
916 Main Street 
Buffalo, NY 14202 
(716) 887-2800 
TWX; 710 522 1692 
Summit Electronics 
292 Commerce Drive 
Rochester, NY 14623 
(716) 334-8110 
Time Electronics 
6075 Corporate Dr. 

East Syracuse, NY 13057 
(31 5) 432-0355 
TWX: 510 100 6192 
NEW YORK— Metro Area 
Arrow Eiectronics 
20 Oser Ave. 

Hauppauge, NY 11788 
(516) 231-1000 
TWX: 510 227 6623 
Hamiiton/Avnet 
833 Motor Parkway 
Hauppauge, NY 11788 
(516) 434-7413 
Hamiiton/Avnet Export Div. 
1065 Old Country Rd., #21 1A 
Westbury, NY 11590 
(516) 997-6868 
Anthem Electronics 
400 Oser Ave. 

Hauppauge, NY 11787 
(516) 273-1660 
TWX: 510 227 1042 
Nu Horizons Eiectronics 
6000 New Horizons Bivd. 
Amityviiie, NY 11701 
(516) 226-6000 
Pioneer 

60 Crossways Park West 
Woodbury, NY 11797 
(516) 921-8700 
TWX: 710 326 6617 
Time Eiectronics 
70 Marcus Bouievard 
Hauppauge, NY 11788 

(515) 273-0100 
TWX: 858881 

Zeus Components Inc,, Reg 1 
NY/ROCK/NJ/E PA/ CT 
100 Midland Ave. 

Port Chester, NY 10573 
(914) 937-7400 

Zeus Components Inc., Reg IB 
Long Island/NYC 
2110 Smithtown Ave. 
Ronkonkoma, NY 11779 

(516) 737-4500 


NORTH CAROLINA 

Arrow Electronics 
5240 Greens Dairy Rd. 
Raleigh, NC 27604 
(919) 876-3132 
TWX; 510 928 1856 
Arrow Eiectronics 
938 Burke Street 
Winston-Salem, NC 27101 
(919) 725-8711 
TWX: 510 931 3169 
Hamilton/Avnet 
3510 Spring Forest Road 
Raleigh, NC 27601 
(919) 878-0810 
TWX: 510 928 1836 
Pioneer Technoiogy 
9801-A Southern Pine Blvd. 
Chariotte, NC 28210 
(704) 527-8188 
TWX: 810 621 0366 
OHIO 

Arrow Eiectronics 
7620 McEwen Rd. 

Centerviiie, OH 45459 
(513) 435-5563 
TWX: 810 459 1611 
Arrow Electronics 
6238 Cochran Rd. 

Solon. OH 44139 

(216)248-3990 

TWX: 810 427 9409 

Bell Industries 

444 Windsor Park Drive 

Dayton, OH 45459 

(513) 435-8660 

Bell Industries 

Micro-Mii Division 

118 Westpark Road 

Dayton, OH 45459 

(513) 434-8231 

TWX: 810 459 1615 

CAM/OHIO Electronics 

749 Miner Road 

Highiand Heights, OH 44143 

(216)461-4700 

TWx;810 427 2976 

Hamiiton/Avnet 

954 Senate Drive 

Dayton, OH 45459 

(513)439-6700 

TWX: 610 450 2531 

Hamilton/Avnet 

30325 Bainbridge Rd., Bldg. A 

Solon, OH 44139 

(216)831-3500 

TWX: 810 427 9452 

Hamilton/Avnet 

777 Brooksedge Blvd. 

Westerville, OH 43081 

(614) 882-7004 

Pioneer Standard 

4600 East 131st Street 

Cleveland, OH 44105 

(216) 587-3600 

TWX: 810 422 2210 

Pioneer Standard 

4433 Interpoint Bivd. 

Dayton, OH 45424 
(513) 236-9900 
TWX: 810 459 1683 


Zeus Components inc., Reg 3 
Dayton (DESC) 

2912 Springboro St., Ste. 106 
Dayton, OH 45439 
(914) 937-7400 
OKLAHOMA 
Arrow Eiectronics 
12111 E. 51st Street 
Tulsa. OK 74146 
(918) 252-7537 
Hamilton/Avnet 
12121 East 51st St. 

Suite 102A 

Tuisa, OK 74146 

(918) 252-7297 

Quaiity Components 

3158 South 108th East Ave. 

Suite 274 

Tuisa, OK 74146 

(918) 664-8812 

Radio Inc. 

1000 South Main Street 
Tulsa, OK 74119 
(918) 587-9123 
TWX: 49 2429 

OREGON 

Almac-Stroum Electronics 
1885 N.W. 169th Place 
Beaverton, OR 97006 
(503) 629-8090 
TWX: 910 467 8743 
Anthem Electronics 
9705 S.W. Sunshine Ct. 

Suite 900 

Beaverton, OR 97005 
(503) 643-1114 
Arrow Electronics 
1800 N.W 167th Place 
Suite 145 

Beaverton, OR 97006 
(503) 645-6456 
TWX: 910 464 0007 
Bell Industries 
6024 S.W, Jean Rd. 

Lake Oswego, OR 97034 
(503) 241-4115 
TWX: 910 455 8177 
Hamilton/Avnet 
6024 S.W. Jean Rd. 

Bldg. C, Suite 10 
Lake Oswego, OR 97034 
(503) 635-7850 
PENNSYLVANIA— Eastern 
Arrow Electronics 
650 Seco Rd. 

Monroeville. PA 15146 
(412) 856-7000 
TWX: 710 797 3894 
CAM/RPC IND Electronics 
620 Alpha Drive 
RIDC Park 

Pittsburgh, PA 15238 
(412) 782-3770 
TWX; 710 795 3126 
Hamilton/Avnet 
2800 Liberty Ave. 

Pittsburgh, PA 15227 
(412) 281-4150 
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PENNSYLVANIA— Eastern 

(Continued) 

Anthem Electronics 
101 Rock Road 
Horsham, PA 19044 
(215)443-5150 
Pioneer Technology 
261 Gibraltar Road 
Horsham, PA 19044 
(215) 674-4000 
TWX: 510 665 6778 
Pioneer-Pittsburgh 
259 Kappa Drive 
Ridgepark 

Pittsburgh, PA 15238 
(412) 782-2300 
TWX: 710 795 3122 
Time Eiectronics 
600 Clark Ave. 

King of Prussia, PA 19406 
(215) 337-0900 
TWX: 845317 
TENNESSEE 
Bell Industries 
Instate: (800) 752-2050 
Out of State: (800) 433-8301 
TEXAS 

Arrow Electronics 
3220 Commander Dr. 
Carrollton, TX 75006 
(214) 380-6464 
TWX: 910 860 5377 
Arrow Electronics 
2227 West Braker Lane 
Austin, TX 78758 
(512) 835-4180 
TWX: 910 874 1348 
Arrow Electronics 
1 0899 Kinghurst Dr. 

Suite 100 

Houston, TX 77099 

(713) 530-4700 

TWX: 910 880 439 

Hamilton/Avnet 

2111 West Walnut Hill Ln. 

Irving, TX 75062 

(214) 550-7755 

TWX: 07 32359 

Hamilton/Avnet 

4850 Wright Road #190 

staford, TX 77477 

(713) 240-7733 

TWX: 910 881 5523 

Hamilton/Avnet 

1807A West Braker Lane 

Austin, TX 78758 

(512) 837-8911 

TWX: 910 874 1319 

Pioneer Electronics 

1826 Kramer Lane 

Suite D 

Austin, TX 78758 
(512) 835-4000 
Pioneer Standard 
13710 Omega Road 
Dallas, TX 75240 
(214) 386-7300 
TWX: 910 860 5563 


Pioneer Electronics 
5853 Point West Drive 
Houston, TX 77036 
(713)988-5555 
TWX: 910 881 1606 
Quaiity Components 
1005 Industriai Blvd. 

Sugariand, TX 77478 
(713) 240-2255 
TWX: 910 881 7251 
Quaiity Components 
2120M Braker Lane 
Austin, TX 78758 
(512) 835-0220 
TWX: 910 874 1377 
Quaiity Components 
4257 Keliway Circle 
Addison, TX 75001 
(214) 733-4300 
TWX: 910 660 5459 
Zeus Components Inc., Reg 7 
TX, AR, OK, LA, KS, MO, IQ, NE 
1800 N. Glenville Rd. 
Richardson, TX 75081 
(214) 783-7010 
UTAH 

Anthem Electronics 
1615 West 2200 South #A 
Salt Lake City, UT 84119 
(801) 973-8555 
Arrow Electronics 
1946 W. Parkway Blvd. 

Salt Lake City, UT 84119 
(801) 973-6913 
Bell Industries 
3639 West 2150 South 
Salt Lake City, UT 84120 
(801) 972-6969 
Hamilton/Avnet 
1585 West 2100 South 
Salt Lake City, UT 84117 
(801) 972-4300 
TWX: 910 925 4018 
WASHINGTON 
Almac-Stroum Electronics 
14360 S.E. Eastgate Way 
Bellevue, WA 98007 
(206) 643-9992 
TWX: 910 444 2067 
Anthem Electronics 
5020 148th Ave. N.E. 

Suite 103 

Redmond, WA 98052 
(206) 881-0850 
TWX: 910 997 0118 
Arrow Electronics 
1 9450 68th Ave. South 
Kent, WA 98032 
(206) 575-4420 
TWX: 910 444 2034 
Hamilton/Avnet 
14212 North East 21st 
Bellevue, WA 98005 
(206) 453-5844 


WISCONSIN 

Arrow Electronics 
200 N. Patrick Blvd. 

Brookfield. Wl 53005 
(414) 792-0150 
TWX: 910 262 1193 
Bell Industries 

W227 N913 Westmound Ave. 
Waukesha, Wl 53186 
(414) 547-8879 
TWX: 910 262 1156 
Hamilton/Avnet 
2975 Moorland Rd. 

New Berlin, Wl 53151 
(414) 784-4516 
Taylor Electric 

1000 West Donges Bay Road 
Mequon, Wl 53092 
(414) 241-4321 
TWX: 910 262 3414 
CANADA 
Electro Sonic Inc. 

1100 Gordon Baker Road 

Willowdale, Qntario M2H 3B3 

(416) 494-1666 

TWX: 06 525295 

Hamilton/Avnet 

2550 Boundary Rd. #105 

Burnaby, B.C., V5M 3Z0 

(604) 437-6667 

Hamilton/Avnet 

2816 21st N.E. 

Calgary, Alberta T2E 6Z2 

(403) 250-9380 

TWX: 03 827642 

Hamilton/Avnet 

2795 Rue Halpern 

St. Laurent, Quebec H4S 1 P8 

(514) 335-1000 

TWX: 610 421 3731 

Hamilton/Avnet 

6845 Redwood Drive 3, 4, 5 

Mississauga, Qntario L4V 1T1 

(416) 677-7432 

TWX: 610 492 8867 

Hamilton/Avnet 

190 Colonnade Rd. 

Nepean, Qntario K2E 7L5 
(613) 226-1700 
TWX: 053 4971 
Semad Electronics Ltd. 

243 Place Frontenac 
Pointe Claire, Quebec H9R 4Z7 
(514) 694-0860 
Semad Electronics Ltd. 

3700 Gilmore Way #210 
Burnaby. B.C. V5G 4M1 
(604) 438-2515 
Semad Electronics Ltd. 

75 Giendeer Dr. S.E. #210 
Calgary, Alberta T2H 2S8 
(403) 252-5664 


Semad Electronics Ltd. 

1827 Woodward Dr. #303 
Qttawa, Qntario K2C 0R3 
(613) 727-8325 
Zentronics 
8 Tiibury Ct. 

Brampton, Qntario L6T 3T4 
(416) 451-9600 
TWX: 06 97678 
Zentronics 

Edmonton Sales Qffice 
Edmonton, Alberta T6N 1 B2 
(403) 468-8306 
Zentronics 

11400 Bridgeport Rd., Unit 108 
Richmond, B.C. V6X 1T2 
(604) 273-5575 
TWX: 04 355844 
Zentronics 

1 55 Colonade Rd. So. 

Units 17 & 18 

Nepean, Ontario K2E 7K1 

(613) 226-8840 

Zentronics 

817 McCaffrey St. 

Viile St. Laurent, Quebec H4T 1N3 
(514) 737-9700 
Zentronics 
93-1313 Border St. 

Winnipeg, Manitoba R3H 0X4 
(204) 694-1957 
Zentronics 

Waterloo Sales Office 
Waterioo, Quebec H4T 1 N3 
(800) 387-2329 
Zentronics 

Saskatoon Sales Office 
Saskatoon, Alberta R3H 0X4 
(306) 955-2207 
Zentronics 
6815 8th St. N.E. 

Suite 100 

Calgary, Alberta T2E 7H7 
(403) 272-1021 
TWX: 04 355844 
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ALABAMA 

Huntsville 
(205) 837-8960 
(205) 721 -9367 
ARIZONA 
Tennpo 

(602) 966-4563 

B.C. 

Burnaby 
(604) 435-8107 
CALIFORNIA 
Encino 

(818) 888-2602 
Inglewood 
(213)645-4226 
Roseville 
(916) 786-5577 
San Diego 
(619) 587-0666 
Santa Clara 
(408) 562-5900 
Tustin 

(714) 259-8880 
Woodland Hills 
(818)808-2602 
COLORADO 
Boulder 

(303) 440-3400 
Colorado Springs 
(303)578-3319 
Englewood 
(303) 700-8090 
CONNECTICUT 
Fairfield 
(203)371-0181 
Hamden 
(203)208-1560 


FLORIDA 

Boca Raton 
(305)997-8133 
Orlando 
(305) 629-1720 
SL Petersburg 
(813) 577-1380 
GEORGIA 
Atlanta 

(404) 396-4048 
Norcross 
(404) 441-2740 
ILLINOIS 
Schaumburg 

(312) 397-8777 
INDIANA 

Carmel 

(317) 843-7160 
Fort Wayne 
(219) 484-0722 

IOWA 

Cedar Rapids 
(319) 395-0090 
KANSAS 
Overland Park 
(913) 451-8374 
MARYLAND 
Hanover 
(301) 796-8900 
MASSACHUSETTS 
Burlington 
(617)273-3170 
Waltham 
(617)890-4000 
MICHIGAN 
W. Bloomfield 

(313) 855-0166 


MINNESOTA 

Bloomington 
(61 2) 835-3322 

(61 2) 854-8200 
NEW JERSEY 

Paramus 
(201)599-0955 
NEW MEXICO 
Albuquerque 
(505) 884-5601 
NEW YORK 
Endicott 
(607) 757-0200 
Fairport 
(716) 425-1358 
(716)223-7700 
Melville 

(516)351-1000 
Wappinger Falls 
(914) 298-0680 
NORTH CAROLINA 
Cary 

(919) 481-4311 
OHIO 
Dayton 

(513) 435-6886 
Highland Heights 
(216)442-1555 
(216) 461-0191 
ONTARIO 
Mississauga 
(416) 678-2920 
Nepean 
(404) 441-2740 

(613) 596-0411 
Woodbridge 

(416)746-7120 


OREGON 
Portland 
(503) 639-5442 
PENNSYLVANIA 
Horsham 
(215)675-6111 
Willow Grove 
(215) 657-2711 
PUERTO RICO 
Rio Piedias 
(809) 758-9211 
QUEBEC 

Dollard Des Ormeaux 
(514) 683-0683 
Lachine 

(514)636-8525 

TEXAS 

Austin 

(512) 346-3990 
Houston 
(713) 771-3547 
Richardson 
(214)234-3811 
UTAH 

Salt Lake City 
(801)322-4747 
WASHINGTON 
Bellevue 
(206) 453-9944 
WISCONSIN 
Brookfield 
(414) 782-1818 
Milvvaukee 
(414) 527-3800 
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National Semiconductor 

2900 Semiconductor Drive 
P.O. Box 58090 
Santa Clara, CA 95052-8090 
Tel: (408) 721-5000 
TWX: (910) 339-9240 
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INTERNATIONAL 

OFFICES 

Electronica NSC de Mexico SA 

Juventino Rosas No, 118-2 
Col Guadalupe Inn 
Mexico, 01 020 D.F. Mexico 
Tel: 52-5-524-9402 
National Semicondutores 
Do Brasil Ltda. 

Av. Brig. Faria Lima, 1409 
6 Andor Salas 62/64 
01451 Sao Paulo, SP, Brasil 
Tel: (55/11)212-5066 
Telex: 391-1131931 NSBR BR 
National Semiconductor GmbH 
Industriestrasse 10 
D-8080 Furstenfeldbruck 
West Germany 
Tel: 49-08141-103-0 
Telex: 527 649 

National Semiconductor (UK) Ltd. 

301 Harpur Centre 
Horne Lane 
Bedford MK40 ITR 
United Kingdom 
Tel: (02 34) 27 00 27 
Telex: 826 209 

National Semiconductor Benelux 

VorstlaanlOO ; 

B-1170 Brussels 
Belgium 

Tel: (02) 6725360 
Telex: 61007 


©1988 National Semiconductor 


(Continued) 


National Semiconductor (UK) Ltd. 

1, Bianco Lunos Alle 

DK-1868 Fredriksberg C 

Denmark 

Tel: (01)213211 

Telex: 15179 

National Semiconductor 

Expansion 10000 

28. rue de la Redoute 

F-92260 Fontenay-aux-Roses 

France 

Tel: (01) 46 60 8140 
Telex: 250956 

National Semiconductor S.p.A. 

Strada 7, Palazzo R/3 
20089 Rozzano 
Milanofiori 
Italy 

Tel: (02) 82 42046/7/8/9 
National Semiconductor AB 
Box 2016 
Stensatravagen 13 
S-12702 Skarholmen 
Sweden 

Tel: (08) 970190 
Telex: 10731 
National Semiconductor 
Calle Agustin de Foxa, 27 
28036 Madrid 
Spain 

Tel: (01) 733-2958 
Telex: 46133 


National Semiconductor 
Switzerland 

Alle Winferthurerstrasse 53 
Postfach 567 

Ch-8304 Wallisellen-Zurich 
Switzerland 
Tel: (01)830-2727 
Telex; 59000 

National Semiconductor 
Kauppakartanonkatu 7 
SF-00930 Helsinki 
Finland 

Tel; (0) 33 80 33 
Telex: 126116 

National Semiconductor Japan 
Ltd. 

Sanseido Bldg. 5F 
4-16Nishi Shinjuku 
Shinjuku-ku 
Tokyo 160 Japan 
Tel; 3-299-7001 
Fax: 3-299-7000 
National Semiconductor 
Hong Kong Ltd. 

Southeast Asia Marketing 
Austin Tower, 4th Floor 
22-26A Austin Avenue 
Tsimshatsui, Kowloon, H.K. 

Tel: 852 3-7243645 
Cable; NSSEAMKTG 
Telex: 52996 NSSEA HX 
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National Semiconductor 
(Australia) PTY, Ltd. 

1st Floor, 441 St. Kilda Rd. 

Melbourne, 3004 

Victory, Australia 

Tel: (03) 267-5000 

Fax:61-3-2677458 

National Semiconductor (PTE), 

Ltd. 

200 Cantonment Road 13-01 

Southpoint 

Singapore 0208 

Tel: 2252226 

Telex; RS 33877 

National Semiconductor (Far East) 
Ltd. 

Taiwan Branch 

P.O. Box 68-332 Taipei 

7th Floor, Nan Shan Life Bldg. 

302 Min Chuan East Road, 

Taipei, Taiwan R.O.C. 

Tel: (86) 02-601-7227 

Telex: 22837 NSTW 

Cable: NSTW TAIPEI 

National Semiconductor (Far East) 

Ltd. 

Korea Office 

Room 612, 

Korea Fed. of Small Bus. Bldg. 

16-2, Yoido-Dong, 

Youngdeungpo-Ku 
Seoul, Korea 

Tel; (02) 784-8051 /3 - 785-0696-8 
Telex: K24942 NSRKLO 


